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Abstract 
 
Perception and Production of /v/ and /w/ in Hindi speakers 
 
By 
 
Vikas Grover 
 
Advisor: Valerie Shafer, Ph.D. 
 
This dissertation examines the ability of Hindi speakers to identify, discriminate and 
produce two English phonemes /v/ and /w/ which are difficult for Hindi speakers to distinguish. 
In Hindi, /v/ and /w/ are used interchangeably. This pattern of use has transferred to Indian 
English, resulting in English /v/ and /w/ words showing variable pronunciations (e.g., “whale” or 
“vale” for the word “whale”). Hindi speakers were asked to identify, discriminate and produce 
tokens of /v/ and /w/. This study also examined whether experience with American English, 
related to the length of residence (LOR) in the US affects Hindi listeners’ perception and 
production of English /v/ and /w/. Two groups of Hindi speakers were included in this study; 
Hindi speakers who have been in the US for more than 5 years (Hindi US) and Hindi speakers 
who live in India and use English as their second language (Hindi Ind). The findings 
demonstrated that the English /v/-/w/ is a difficult contrast for Hindi speakers to perceive and 
produce. Hindi speakers (Hindi US and Hindi Ind groups) performed much less accurately than 
the English control group on the identification, discrimination and production tasks. The 
differences between the Hindi US group and the Hindi Ind group were very small and not 
significant. This indicates that the Hindi US groups’ experience with the AE and the /v/-/w/ 
contrast in the US was insufficient to allow for perceptual learning for the /v/-/w/ contrast.   
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Chapter 1. Introduction 
 
Studies of cross-language speech perception reveal that the ability of a speaker to identify 
and discriminate non-native speech sounds is affected by experience in his/her first language 
(L1) (Werker & Lalonde, 1988, Werker & Tees, 1984). Of interest to this dissertation are the 
consonant speech sounds /v/ and /w/, which are considered different phonemes in English but not 
in Hindi. A phoneme is the minimal unit of speech used to indicate a meaning difference. For 
example, the speech sounds [v] and [w] are different phonemes in English because substituting 
one for the other results in a meaning change (e.g., “vine versus “wine”). In Hindi, substituting 
one for the other does not result in a meaning change. In the written system of Hindi, /v/ and /w/ 
are represented by one grapheme “व ”, supporting the claim that they are variants of the same 
phoneme. Two sounds that are phonetically similar, and can serve as variants of the same 
phoneme are called allophones. 
All studies of Hindi agree that [v] and [w] are not contrastive, but there is a lack of 
agreement on the phonetic realization of Hindi /व /. The classic text on Hindi argues that [v] and 
[w] are conditional allophones (Whitney, 1889); Hindi /व / is rendered as [w] when it is preceded 
by a consonant in the same syllable, otherwise it is rendered as [v]. Agnihotri (1988), in a 
sociolinguistic study carried out in Delhi, claimed that [w] is completely missing and [v] is the 
target production. Ohala (1999), suggested that the labiodental approximant [ʋ] serves as the 
target phonetic representation, based on the observation that the labiodental approximant has 
been observed instead of [v] and [w] productions, and thus, uses /ʋ/ to represent this phoneme. 
This phoneme is sometimes realized as the phonetic variants [v] or [w] in Hindi, indicating that 
[v] and [w] are allophones in Hindi. The production of [v] or [w] in Hindi appears to be 
conditional at times although there are situations where the productions are not conditional. 
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Pierrehumbert and Nair (1996) observed that the consonant is produced as [w] when it occurs in 
an on-glide position. Although this is the general rule, this pattern is not always found. There are 
times when a speaker might produce [v] in an on-glide position. In Pierrehumbert study, Hindi 
speakers were variable in the production of Hindi /व /, sometimes producing [v] and sometimes 
[w], independent of position in multisyllabic Hindi words (i.e., initial or medial).  
A few studies have examined second language (L2) learning and found that this /v/-/w/ 
contrast is difficult for L2 learners who do not have this phonemic contrast in their first language 
(L1) (e.g., Iverson et al., 2008). For example, speakers of Sinhala, Dutch and German showed 
less accurate performance (as compared to English speakers) on speech perception tasks of the 
/v/ and /w/ contrast (Iverson et al., 2008). A sociolinguistic study by Chand (2009) examined 
production of [v] and [w] in Hindi speakers using interviews and reading of English passages. 
The tokens of /v/ and /w/ both were reported to be realized by Hindi speakers (80-85% accuracy, 
aural and visual analysis using PRAAT software but no spectrograms reported); however, 
acoustic analysis of only one spectrogram was reported and no identification or discrimination 
tasks were reported in the study. Thus, how their accuracy estimation was measured is not clear.  
In summary, production of [v] and [w] by Hindi speakers of English as an L2 may be 
better than other L2 speakers of English, such as Dutch, German or Sinhala; however, there are 
too few studies of Hindi-English speakers to have confidence in this statement. In addition, only 
a few studies have examined perception and production use experimental methods in a study that 
also takes into account experience with English. 
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1.1. Models of Second Language Learning 
Two models of speech perception/production in adult non-native listeners, the Speech 
Learning Model (SLM: Flege et al., 1995) and the Perceptual Assimilation Model L2 (PAM L2) 
are useful for understanding the perception and production of /v/ and /w/ by Hindi speakers of 
English. SLM was designed to account for second language learning (L2) in terms of perception 
and production. Similarly, PAM L2 was an extension of the original PAM in order to address the 
issues of L2 learners and account for perception and production in second language learning. 
According to SLM’s hypothesis 2 (H2) for L2 learning, a new phonetic category will be 
formed by L2 learners, if they are able to detect some differences (phonetic) between L1 speech 
sounds and novel L2 speech categories (Flege et al., 1995). Considering the research of Ohala 
(1999), Hindi speakers use a labiodental approximant [ʋ] as the phonetic realization rather than 
the labiodental fricative [v] and/or approximant [w]. Thus, Hindi speakers use features from both 
/v/ and /w/ to formulate one category /ʋ/. It can be argued that Hindi-English bilinguals might 
perceive both English /v/ and /w/ as allophones of the labiodental approximant /ʋ/. As a 
consequence, they may not be able to detect the phonetic difference and would perform more 
poorly than native English speakers on an identification task of English /v/ and /w/. SLM’s 
hypothesis (H5) states that the mechanism of equivalence classification might be creating a block 
for the category formation for an L2 sound. The hypothesis expresses that in the case of 
equivalence classification, a single phonetic category is used to process both L1 and L2 sounds. 
Furthermore, in production there is a resemblance of the L1 and L2 sounds. In this case, it can be 
argued that the use of labiodental approximant /ʋ/ instead of English /v/ and /w/ is due to the 
blocking by the mechanism of equivalence classification. SLM’s hypothesis also suggests “the 
production of a sound eventually corresponds to the properties represented in its phonetic 
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category representation.” This might be a possible explanation of the use of the labiodental 
approximant /ʋ/ for English /v/ and /w/. In addition, according to the hypothesis, production will 
have a positive relationship with perception. 
SLM’s hypothesis 3 (H3) can be linked to the case of the Hindi speakers of English who 
have been in the US for a few years (we will call them the Hindi US group), H3 states that “the 
greater the perceived phonetic dissimilarities between an L2 sound and the closest L1 sound, the 
more likely it is that phonetic differences between the sounds will be discerned” (p.239). It can 
be argued that the Hindi speakers who have been exposed to the phonemic nature of /v/ and /w/ 
contrast and to the American English (AE) phonetic realization of this distinction might be able 
to perceive the contrast better than those who have not been exposed to the AE /v/ and /w/ 
contrast. English spoken in India is less likely to make this distinction. Thus, Hindi listeners in 
the US should perform differently than Hindi listeners who have had learned Hindi in India and 
live in India (who we will call Hindi Ind listeners). 
The second model of speech perception that is relevant to the proposal, PAM L2, states 
that two L2 categories could be “perceived as equivalent to the same L1 category, but as equally 
good or poor instances of that category” (Best and Tyler, 2007). Based on what we know about 
/v/ and /w/ production by Hindi speakers of English, it appears that they may be perceiving these 
sounds as equivalents of one category. Hindi speakers from India are expected to perform poorly 
in perceiving /v/ and /w/ as different phonemes because they treat these as equivalents. One 
interesting question is to what extent experience with AE in the US allows for Hindi speakers of 
English to adjust perception so that English productions of /v/ and /w/ are not perceived as 
equally good members of the same English phoneme category. 
 
5  
1.2 The link between Perception and Production 
Fewer studies have examined how perception and production are related in L1 learning. 
Whalen (1999) has argued that there are direct links between production and perception. He also 
discusses that “the ease and rapidity of imitation and the completeness of parsing the acoustic 
signal into articulatory source are two factors that are difficult to describe in purely acoustic 
terms”. This statement derives from the views that production plays an important role in 
constraining perception. Under this view, experience with speaking AE, which reveals that “v” 
and “w” should be pronounced differently, could influence perception of English /v/ and /w/. It is 
an interesting question whether perception and production are similarly linked in L2 use. 
Because Hindi speakers have been reported to be using the labiodental approximant /ʋ/ for both 
/v/ and /w/, it will be interesting to see how it affects the perception of the /v/ /w/ contrast or vice 
versa and how experience with AE speakers and written system influences perception. 
Levy (2009), also demonstrated the complexity of the relationship between perception 
and production in L2 learning. American English speakers’ production of Parisian French vowels 
was rated by native Parisian French speakers. The results from perception and production 
demonstrated that there was a relationship between perception and production with some vowels 
in certain contexts but not in every context.  
Most studies conducted on the /v/ and /w/ contrast used written words in Hindi showing 
the grapheme “व ”. There are no studies that have examined the performance of Hindi speakers 
on English words including /v/ and /w/ phonemes using experimental behavioral tasks such as 
identification and discrimination. These methods are important for providing an accurate picture 
of Hindi L2 perception of English. In addition, no study has carefully and systematically 
examined the production of /v/ and /w/ in English words by Hindi L2 speakers of English. It will 
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be useful to undertake acoustic analysis of the productions from Hindi speakers of English and 
compare the results with those from native English speakers. Acoustic analysis will help clarify 
whether Hindi speakers produce a labiodental approximant /ʋ/ instead of the distinct phonemes, 
/v/ and /w/. Most studies have used real words as stimuli to analyze this contrast in Hindi, stimuli 
with a meaning attached to it. It will be interesting to see how Hindi speakers perform on 
perception and production tasks using English nonsense words in addition to real words. This 
will offer us an opportunity to observed and understand if Hindi speakers can perceive and 
produce /v/ and /w/ when the words do not have a meaning.   
1.3. The acoustics of /v/ and /w/ productions in English 
The voiced labiodental fricative /v/ shows high frequency turbulence focused above 
4,000 Hz (Ladefoged, 2011: 56), and there is a substantial voicing bar of /v/ occupying 
approximately the lower 400 Hz. The following spectrogram shows /v/ in the syllable /va/. 
 
 
Figure A. Spectrogram for /va/ (Spectrogram for /va/ Retrieved from: 
http://clas.mq.edu.au/speech/acoustics/speech_spectra/fricatives.html). 
 
In the spectrogram, a voice bar is clearly present during the production of /v/, the 
formants F1, F2 and F3 are around 500-700Hz, 1100-1300 Hz and 2000-2300 Hz respectively 
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(Note that the present study used /a/ as the vowel nucleus).  
The labiodental approximant /w/, in contrast, shows a large downward transition of F2 
because of the back tongue constriction. The intensity of all formants is lowered because of lip 
rounding (especially F3). So /w/ has F1 (250-450Hz), F2 (600 - 850Hz), and F3 (2000 - 2400Hz) 
(The formant values: retrieved from http://ec-
concord.ied.edu.hk/phonetics_and_phonology/wordpress/learning_website/chapter_3_consonant
s_new.htm). Thus, acoustic analysis of productions of /wa/ and /va/ targets can be used to help 
infer which articulators used to produce the target speech sounds.  
 
 
Figure B. Spectrogram for /wa/ (Image retrieved from: 
http://clas.mq.edu.au/speech/acoustics/consonants/approxweb.html). 
 
1.4. Length of Residence (LOR) effects 
One important factor in L2 learning is length of residence (LOR) in a community in 
which the L2 is dominant. Previous research on the topic reveals conflicting results regarding the 
extent to which increased LOR results in reduced foreign accent. Extensive research has 
demonstrated that LOR does positively correlate with reduced foreign accent; however, the 
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amount of variance accounted for by LOR is relatively small. Saito (2015) suggested that LOR 
was observed to be related to L2 comprehensibility in terms of prosody, speech rate and lexico-
grammar usage. However, for variables, such as reduction in accent, other factors such as age of 
acquisition and amount of L2 use exerted a stronger influence than LOR (Saito, 2015). In 
addition, there are a number of other factors that show small, but significant relationships with 
L2 speech production, such as motivation, language learning aptitude and L1 background (Flege 
& Fletcher, 1992; Flege, Bohn, & Jang, 1997).  
In the case of Hindi speakers of English, because English is used in schools in India 
(starting in Elementary schools), English has a fairly early age of acquisition. However, for these 
Hindi speakers of English, the quality of the input of English may be an important factor. Many 
Hindi speakers of English, may have learned from Indian L2 users of English who use the 
labiodental approximant /ʋ/ for both /v/ and /w/. An interesting question is whether there are 
differences in the perception and/or production of /v/ and /w/ in Hindi speakers who live in India 
and those who have been living in the US, because those in the US are exposed to SAE 
pronunciations of /v/ and /w/. The current study examined whether LOR in the US influences 
perception and/or production of /v/ and /w/. 
1.5. The Purpose of this Study 
The current study examines whether the amount and type of English experience 
influences perception and production of English /v/ and /w/. Experimental tasks requiring Hindi 
speakers who speak English as their L2 to identify, discriminate /v/ and /w/ in English nonsense 
words and produce the /v/ and /w/ contrast in English words (nonsense and real words) have 
been used to address this question. Effects of the kind of English exposure were examined using 
Hindi speakers of English who live in India and Hindi speakers of English who live in the US 
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(LOR > 5years). The relationship between perception and production of /v/ and /w/ has also be 
examined.  
Variables, such as age or first exposure to English and length or experience (e.g., years of 
schooling in English) were collected using a language background questionnaire (LBQ). 
Information from this LBQ will be used as covariates in some analyses.  
Primary Research Questions 
1.) How do Hindi speakers perceive (identify and discriminate) the English /v/ and /w/ 
contrast?  
2.) Is there any difference in the perception of /v/ and /w/ contrast by Hindi speakers who 
have been living in the US for at least five years and who are exposed to American 
English speakers (Hindi US group) and the perception of a Hindi group (Hindi IND 
group) who have primarily been exposed to English in India by Hindi L2 speakers of 
English? 
3.) How do Hindi speakers produce /v/ and /w/ in English nonsense words and English real 
words (Goodness rating scales will be used)?  
4.) Is there a relation between the perception (identification and discrimination accuracy) of 
/v/ and /w/ and the production (rating by English listeners) of /v/ and /w/ in Hindi 
speakers? 
Secondary research question: 
5.) Is there any difference in Hindi speakers’ perception and production of /v/ and /w/ in 
different contexts, such as the position of the target in a word or the target sound being 
stressed or unstressed? (there have been instances of effects of the position in Hindi 
words) 
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Hypotheses 
1) Hindi groups [Hindi United States (Hindi US hereafter) and Hindi India (Hindi IND 
hereafter) will perform less accurately than the English group on identification and 
discrimination tasks in terms of accuracy and demonstrate slower reaction times for /v/ and 
/w/ contrast than the English group. 
2) Hindi Ind will perform less accurately than the Hindi US group on identification and 
discrimination tasks in terms of accuracy and demonstrate slower reaction times on /v/ and 
/w/ contrast than the Hindi US group because the Hindi US group has had exposure to AE 
for at least five years and have been exposed to the contrastiveness of /v/ and /w/.  
3) Hindi US groups’ productions of /v/ and /w/ will be rated better than the Hindi Ind groups’ 
production of /v/ and /w/. 
4) Hindi Ind group will show stronger relationship between the identification, discrimination 
and Rating scale ratings than the Hindi US group on /v/ and /w/ because Hindi Ind group has 
not been exposed to AE and contrastiveness of /v/ and /w/.  
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Chapter 2. Methods 
2.1. Participants 
Fifty-two adults (25 men, 27 women, age range: 30-45 years) were recruited for this 
study. Out of the 52 participants, 16 (Nine women and Seven men) were monolingual American 
English speakers who spoke a relatively standard variety of American English (Northeast 
varieties) (which we will label “American English or AE”), 16 were Hindi speakers of English 
who have lived in the US for more than five years (eight men and eight women), and the 
remaining 20 speakers were Hindi Speakers of English who are living in India (10 men and 10 
women). 20 Hindi speakers were recruited from New Delhi, a region where standard Hindi is 
spoken. All participants spoke Hindi as their L1, most of them have been exposed to Punjabi 
(mostly everyone in New Delhi region and the northern part of India is exposed to Punjabi). 
They all spoke English as L2. Data from four participants (Hindi speakers who lived in India) 
had to be removed from the analysis due to excessive noise and errors due to technical reasons 
during testing. In total data from 48 participants were used (16 in each group). Mean age (SD) of 
the English group was 34.1 (4.74), Hindi US group was 38.6 (3.65) and Hindi Ind group was 
39.1 (4.28). The mean (SD) for the LOR in the US for the Hindi US group was 12.6 (4.30). The 
details of the participants’ are described in Table A1 and Table A2 in the appendices section. 
2.2. Stimuli 
Naturally produced English nonsense words were used as stimuli. Four speakers of SAE 
(from a) New York City, b) New York State, c) New York City, and d) Baltimore) who are 
monolingual English speakers produced the stimulus recording for the experimental study. Table 
1 displays the phonological forms of the experimental stimuli. Consonants include /v, w, b, f/ in 
initial and medial positions in Consonant (C) Vowel (V) Consonant (C) Vowel (V) Consonant 
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(C) [CVCVC] in CVCVC and CVCVC combinations (the underlined, bolded consonant was the 
target). The phonemes /b/ and /f/ serve as control consonants because they are contrastive in 
Hindi and should be easily categorized and discriminated. The other consonant (non-target) used 
in the nonsense words was /g/and the vowel in both syllables was /a/. The tokens of /v/ and /w/ 
were recorded in both stressed and unstressed syllables and in initial and medial position with 
one target per word. Stress is shown using an accent mark /ˈ/. Multiple tokens of nonsense words 
and sentences with words from minimal pairs were recorded on Dell Optiplex GX260, Windows 
XP professional, SP3, Pentium 4 processor, 2.80 GHz with turtle Beach, Motego II sound card 
using Shure (Model SM 10A) head mic in a sound proof shielded booth and digitized at 22050 
Hz using SoundForge software version 4.5 and then, from the larger set, final stimuli were 
selected that matched in fundamental frequency (F0). Specifically, F0 range was similar across 
stimuli for each word set within a speaker (range: 189- 220 Hz. mean: (192hz.). Table 1 provides 
the target duration (mean) for each word type. The final selected word forms were normalized by 
root mean square (RMS) using Adobe Audition version 6. These words were played to three 
speakers of AE and they were asked to label the stimuli after listening to check whether the 
intended consonant was clearly produced. Greater detail regarding the acoustic properties 
(duration, target duration, vowel duration, and formant values) of the stimuli selected for the 
study is provided in Table A2 in the appendices section. The same word targets were used for the 
production portion of the study as were used in the perception experiments. In addition, the 
target consonants in real words were embedded in English sentences. These were presented to 
participants as auditory recordings to be repeated or as written sentences to be read.  
The participants were asked to produce the following sentences in which target word in a 
pair of sentences contrasts /v/ and /w/ (minimal pairs): 
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1. “vet/wet” in: I say vet now, I say wet now. 
2. “viper/wiper” in: I say viper now, I say wiper now.    
3. “vine/wine” in: I say vine now, I say wine now. 
4. “vale/whale” in: I say vale now, I say whale now. 
5. “vest/west” in: I say vest now, I say west now. 
One final sentence was included because participants in Iverson et al., (2008) recorded 
productions from Hindi speakers using this sentence and thus, it will allow comparison to their 
findings. This sentence (6. below) includes four /v/ targets and two /w/ targets (plus “w” 
indicating a diphthong)  
6. “The heavy wind blew away Valerie’s velvet scarf” (Iverson et al., 2008).  
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Table 1. English nonsense words stimuli. Each column shows the target consonant in a different 
context. Target consonant mean duration 
Target Initial position, 
target 
unstressed 
Mean duration 
(SD) 
Initial position, 
target stressed 
Mean duration 
(SD) 
Medial 
position, target 
unstressed 
Mean duration 
(SD) 
Medial 
position, target 
stressed. 
Mean duration 
(SD) 
v vaˈɡaɡ 
52.2ms. 
 
ˈvaɡaɡ 
 54.1ms. 
ˈɡavaɡ 
 53.5ms. 
ɡaˈvaɡ 
52.5ms. 
w waˈɡaɡ 
53.5ms. 
ˈwaɡaɡ 
 58.5ms. 
ˈɡawaɡ 
 53.6ms. 
ɡaˈwaɡ 
52.5ms. 
 
b baˈɡaɡ 
41.7ms. 
ˈbaɡaɡ 
 42.4ms. 
ˈɡabaɡ 
 42ms. 
ɡaˈbaɡ 
39ms. 
 
f faˈɡaɡ 
51.3ms. 
ˈfaɡaɡ 
 52.8ms. 
ˈɡafaɡ 
 57.5ms. 
ɡaˈfaɡ 
52.8ms. 
 
      
2.3. Procedure 
Experiments were conducted in a quiet room environment. Before the start of the 
experiment, a hearing screening was conducted in a quiet room on each participant from 500 Hz 
up to 4000 Hz. Participants had to pass the hearing screening at 25 dB HL. A brief interview 
with basic questions was conducted with each Hindi-English speaking participant to assess the 
conversational skills in Hindi. Questions such as “Where do you work?” and “Tell me about your 
favorite Hindi movies” were asked. In addition, participants were asked to name as many 
animals as possible in one minute (timed by the researcher). This task was included as a means to 
evaluate fluency in Hindi (for the Hindi US group) and fluency in English (for the Hindi Ind 
group) and has been used in other studies (Hurks et al., 2006).  
Stimuli were presented from a laptop (Lenovo, ThinkPad T430) using E prime software 
and high quality Razer Kraken 7.1 Chroma Headset (specifications in table A. in Table). For the 
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production studies recordings were obtained using an external microphone (microphone in the 
headset). Video recordings of mouth movements were also obtained in conjunction with audio in 
the production tasks using a digital video recorder (Canon Vixia HFR52, specifications in Table) 
that allowed high resolution capture of lip movements. The acoustic analyses of the production 
data are not included in this dissertation. 
Stimuli were presented at a range of 75 dB SPL to 90dB SPL via the laptop computer. 
Prior to the study, stimulus intensity was calibrated using a sound level meter (Larson-Davis 
800B precision Integrating Sound Level Meter). Participants were allowed to adjust the volume 
to a comfortable level at the beginning of the experiment within this range. The selected intensity 
level on the laptop was noted for each participant. Testing took about 2 hours (mean: 1hr. 
50mins. SD (10 mins.) with breaks. 
2.4. Experiments 
2.4.1 Identification task 
In this task participants were presented with a series of nonsense words in sequence. For 
each word they heard, they were asked to press a button on the keyboard to identify the target 
sound in that word. A subsequent word was delivered 2 seconds (s) after the response. There 
were two blocks of approximately 10 minutes each in the identification task. Each block had the 
target in one position only (i.e., initial or medial position). Response accuracy and reaction times 
(RT) were recorded by the E-prime software. 
Block 1 had the target sounds in the initial position of the nonsense word (words with the 
target syllable stressed and the target syllable unstressed were mixed and randomly selected), for 
example, /ˈvaɡaɡ, ˈwaɡaɡ, vaˈɡaɡ, waˈɡaɡ /. Tokens were randomly selected by E-prime from all 
four speaker list with two exemplars from each of the four speakers. There were a total of 16 “/v/ 
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and /w/” and 16 “/b/ and /f/” tokens. Each of the /v/ and /w/ token was repeated four times and 
each of the /b/ and /f/ token was repeated twice, resulting in a total number of presentations of 96 
samples (64 for /v/ and /w/ and 32 for /b/ and /f/). Participants were required to press the 
corresponding labeled key on the laptop to identify the first consonant of the nonsense word. For 
example, if they heard /ˈvaɡaɡ/ or /vaˈɡaɡ/ they pressed the key labeled as “V” and if they heard 
/ˈwaɡaɡ/ or /waˈɡaɡ/ they pressed the key labeled as “W”. Practice (16 tokens) was provided 
before each block for task familiarization using different consonants (/s, t, n, m/) and using the 
keys labeled as “S, T, N, M”. Feedback was provided for the practice task. All participants 
performed well on the practice task.  
Block 2 had the target sound in the medial position of the nonsense word (words with the 
target syllable stressed and the target syllable unstressed were mixed and randomly selected), for 
example, /ˈɡavaɡ, ˈɡawaɡ, ɡaˈvaɡ, ɡaˈwaɡ/. Token presentations were done in the same way as 
in block 1. Participants were required to press the corresponding labeled key on the laptop to 
indicate what they heard as the second consonant, for example, if they heard /ˈɡavaɡ/ or /ɡaˈvaɡ/, 
they were required to press the key labeled “V” and if they heard /ˈɡawaɡ/ or /ɡaˈwaɡ/, they were 
required to press the key labeled “W”. Practice session were conducted before the experimental 
block for the task familiarization using different consonants (/s, m, n and t/). The presentations 
were done in random order. The blocks were not counterbalanced but the tasks were 
counterbalanced. Half of the participants started the experiment with the identification task 
followed by the discrimination task and the other half started with the discrimination task 
followed by the Identification task.  
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2.4.2 Discrimination Task (Categorial AXB task)  
In this task, participants were presented with a series of three-word sequences. For each 
three-word sequence (triplet, AXB), they were required to decide whether the second word (X) 
sounds like the first word (A) in the sequence or the third word (B) in the sequence. If X sounded 
like A, they were required to press, “1” on the laptop keyboard and if X sounded like B, they 
were required to press “3” on the laptop keyboard. The ISI between word triplets was 250 ms 
Two seconds after their response, they were presented with the next trial. There were four, 10-
minute blocks, described below, in the discrimination task.  
Block 1: The target was in initial position with the target syllable stressed, for example, 
/ˈvaɡaɡ, ˈwaɡaɡ/.  Block 2: The target was in initial position with the target syllable unstressed, 
for example, /vaˈɡaɡ, waˈɡaɡ/. Block 3: The target was in medial position with the target syllable 
unstressed, for example, /ˈɡavaɡ, ˈɡawaɡ/. Block 4: The target was in medial position with the 
target syllable stressed, for example, /ɡaˈvaɡ, ɡaˈwaɡ/. 
In each block, there were 80 total presentations out of which 16 presentations were for 
the ‘v/w’ tokens, for example, 8 ‘v v w’ and 8 ‘w w v’. The other 64 presentations used ‘b/f’ 
with either ‘v’ or ‘w’ and included 8 presentations each for “b b v, v v b, b b w, w w b, f f v, 
v v f, f f w, w w f”. Sequences of only ‘b and f’ (such as ‘b b f or f f b’) were not presented 
because these additions would make the study too long. The tokens were randomly selected 
(without replacement) by E prime from the list of tokens from the four different AE speaker 
stimulus sets, as described below. A total of 64 presentations of ‘v/w’ tokens (16x4 blocks) were 
presented in the discrimination task. 
In a triplet (AXB), all three nonsense words were tokens from the same speaker; 
however, the two “same” nonsense words were different tokens from the same speaker. This was 
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to ensure that the participants had to pay attention to the phonemic-level information and were 
not using unintended acoustic cues to determine which stimulus differed. For example, in the 
sequence ‘v1 v2 w’ all three were from the same speaker, but ‘v1’ and ‘v2’ were different tokens 
of the same that were identical at the phonemic level, but different at the acoustic level. 
2.4.3 Production task 
There were two conditions in this task. In the first condition, participants were presented 
with words and sentences via headphones and they were required to repeat what they heard. 
Their responses were audio recorded and video recorded. There were 11 sentences and 16 
nonsense words presented in this task. The tokens had been selected from one SAE speaker’s 
tokens (speaker 4). Out of the 16 nonsense words, eight words had the ‘v/w’ tokens and the other 
eight had the ‘b/f’ tokens. The tokens with ‘v/w’ were repeated two times, resulting in two 
recordings for each ‘v/w’ token. The ‘b/f’ tokens were presented and produced only once by each 
speaker and served as control stimuli. These productions were used to check whether a 
participant had more general speech production difficulties. All speakers were expected to be 
able to perceive and accurately produce the ‘b/f’ tokens. In all, we had 54 audio and video files 
for each participant from this condition.  
In the second condition, participants were presented with written words and sentences on 
the laptop screen and they were required to read and say the word/sentence. Their responses were 
audio recorded and video recorded. There were 11 sentences and four nonsense words presented 
to them. After the presentation of the word/sentence, the screen showed the word “REPEAT” 
and they were required to repeat what they saw. After they finish repeating, they were required to 
press the space bar to go to the next trial.  
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2.5. Data Analysis 
2.5.1 Identification and Discrimination tasks 
 
For the identification task, the independent variables consisted of Group (English, Hindi 
IND, and Hindi US), Stimulus Type (/b/, /f/, /v/, and /w/), Position (Initial and Medial), and 
Stress (target stressed and unstressed). The dependent variables were accuracy and reaction time 
(RT). For the discrimination task, the independent variables consisted of Group (English, Hindi 
Ind and Hindi US), Stimulus Type (consonant pairs, bv, fv, bw, fw and vw), Position (Initial and 
Medial) and Stress (target syllable stressed and Unstressed). The dependent variables were 
accuracy and reaction time (RT). Descriptive statistics was calculated first to examine the 
distribution of responses and to remove outliers. Response accuracy was analyzed using mixed-
effects logistic regression, due to the categorical nature of the data (Raudenbush & Bryk, 2002). 
This approach has been shown to be superior to analysis of variance on transformed data 
(Agresti, 2002; Jaeger, 2008). Linear mixed-effects regression analysis was used to examine RT 
data. All analyses included Random effects for subjects. Random slopes for the within subject 
independent variables and their correlations were examined and retained if they improved the 
model fit. Random effects for speakers were examined but never retained because of 
convergence failure. The results will be considered statistically significant if the p<.05. 
2.5.2 Production task 
  Nonsense words. Independent variables consisted of Group (English, Hindi IND, and 
Hindi US), Stimulus Type (/v/, and /w/), and presentation Modality (Auditory and Written). The 
dependent variables were dichotomized (goodness ratings by English listeners). For the analysis 
of the goodness ratings, mixed-effects logistic regression was employed. The analyses included 
crossed random effects for speakers and raters. 
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Sentences with minimal pairs. Independent variables consisted of Group (English, Hindi 
IND, and Hindi US), Stimulus Type (/v/, and /w/), and presentation Modality (Auditory and 
Written). The dependent variables and the statistical analyses were the same as for the Nonsense 
words.  
2.5.3 Goodness Rating Scale 
There were three experiments for the rating scale task: 
1) 15 AE speaking listeners (monolinguals with no or little experience with a second language 
before grade-school introduction of a foreign language) rate the nonsense word productions of 
the Hindi speakers’ on the following 7-point scale: 
Press ‘1’ Press ‘2’ Press ‘3’ Press ‘4’ Press ‘5’ Press ‘6’ Press ‘7’ 
Good /v/ Fair /v/ Poor /v/ Ambiguous Poor /w/ Fair /w/ Good /w/ 
 
2) Two AE speaking listeners (monolinguals with no or little experience with a second language 
before grade-school introduction of a foreign language) rated the nonsense word productions of 
Hindi speakers and English speakers (mixed presentation) on the same 7-point scale. 
3) Two AE speaking listeners who were (monolingual with no or little experience with a second 
language before grade-school introduction of a foreign language and who had training in speech 
disorders {clinical Speech Language Pathologists}) rated the sentences with words from minimal 
pairs on the same 7-point rating scale. 
Three different analyses approaches were employed for the data from these rating scales: 
1) With collapsing across two phonemic categories, and calculating correct /v/ versus 
incorrect /v/ plus incorrect /w/ and correct /w/ (scores of 1, 2, 3 or 5, 6, 7). 
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2) Collapsing across the two phonemic categories, but including three categories: correct, 
incorrect and ambiguous (1, 2, 3 for /v/, 4 for ambiguous and 5, 6, 7 for /w/). 
3) Using all the 7 rating values from the scale to calculate mean and standard deviation for 
each phoneme /v/ and /w/ for each participant.  
4) Mixed effects logistic analysis was conducted on data.    
2.5.4 Comparisons of Perception and Production 
Pearson’s Correlation between perception (identification and discrimination accuracy) 
and production will be conducted to see if there is a relation between the two. The focus will be 
on accuracy measures. 
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Chapter 3. Results 
 
3.1 Identification Accuracy and Reaction Time 
 
Descriptive results suggest that Hindi speakers performed less accurately than English 
speakers on identifying /v/ and /w/ using English nonsense words (see Figure 1. below). The 
identification performance is comparable on /b/ and /f/ but differs on /v/ and /w/ between English 
and Hindi groups. For the identification of /v/, the English group performed at 94% accuracy, 
whereas, the Hindi US performed at 56% accuracy and the Hindi Ind group performed at 64% 
accuracy. For the identification of /w/, the English group performed at 99% accuracy, whereas, 
the Hindi US group performed at 54% accuracy and the Hindi Ind group performed at 50% 
accuracy. There appears to be a small difference between Hindi US and Hindi Ind group; on /v/ 
perception, the Hindi US group appears to have performed less accurately than the Hindi Ind 
group whereas, on /w/ perception, the Hindi US group shows slightly more accurate 
identification than the Hindi Ind group. 
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Figure 1. Mean accuracy on the identification task for the English and two Hindi groups for the 
four consonants. Error bars show +/-1 standard error. 
 
Summary of mixed-effects logistic regression for accuracy data is reported in Table A22. 
The post hoc analysis for the group × consonant interaction showed that the differences between 
the English group and the two Hindi groups were statistically significant for both /v/ and /w/ (for 
all the four comparisons, p<.001). The differences between the Hindi US and Hindi Ind groups 
were not statistically significant for /w/ (p=.32) but approached significance for /v/ identification 
(p=.05) (Table A23-2).  
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Figure 2. Mean reaction times (RT) of on the identification task for the English and Hindi 
participants. Error bars show +/-1 standard error. 
 
The graph above suggests that the two Hindi groups demonstrate slower reaction times 
for the identification of /v/ and /w/ as compared to the English group. Summary of linear mixed-
effects regression analysis of reaction time data is reported in Table A24. The post-hoc analysis 
for the group × consonant interaction revealed significant differences between Hindi and English 
groups on /v/ (Hindi Ind /v/ vs English /v/, p<.001; Hindi US /v/ vs English /v/, p<.001) and on 
/w/ (Hindi Ind /w/ vs English /w/, p<.001; Hindi US /w/ vs English /w/, p<.001) and no 
significant differences between the Hindi US group and the Hindi Ind group (for /v/, p=.08; for 
/w/, p=.33) (Table A25-2).  
Across Positions  
The descriptive statistics suggest that for /v/, when the target was in the initial position 
the two Hindi groups performed less accurately than the English group. Hindi US group 
performed at 57% accuracy and the Hindi Ind group performed at 61% accuracy as compared to 
90% accuracy by the English group. When /v/ was in medial position the Hindi US group 
25  
performed at 55% accuracy and the Hindi Ind group performed at 69% accuracy whereas the 
English group performed at 99% accuracy. For /w/, in the initial position, the Hindi group 
performed at 44% accuracy and the Hindi Ind group performed at 40% accuracy as compared to 
the English group that performed at 99% accuracy. When /w/ occurred in the medial position, the 
Hindi US group performed at 65% accuracy and the Hindi Ind group performed at 60% accuracy 
whereas the English group performed at 100% accuracy. Overall, the Hindi US and Hindi Ind 
groups performed less accurately than the English speakers in both positions.  
 
 
Figure 3. Mean accuracy on the identification task for the English and Hindi participants in the 
two target positions (initial and medial). Error bars show +/-1 standard error. 
 
Summary of mixed-effects logistic regression for accuracy data is reported in Table A22. 
The post hoc analysis for the group × position interaction revealed significant differences 
between the English group and the two Hindi groups (for initial position p<.001, for medial 
position p<.001) for both positions but the difference between the Hindi US and the Hindi Ind 
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was not significant (for initial position p=.07 and for the medial position p=.86) (Table A23-4). 
The groups performed more accurately on the identification of the target sounds (both /v/ and 
/w/) when the target occurred in medial position as compared to when the target sounds occurred 
in initial position (p=<.001, Table A23-3). The three-way interaction group × consonant × 
position did not improve the model fit.  
 
 
Figure 4. Mean reaction times (RT) on the identification task for the English and Hindi 
participants across two positions (initial and medial). Error bars show +/-1 standard error. 
 
The descriptive statistics suggest that reaction times for the two Hindi groups were 
slower than the English group for /v/ and /w/ (Figure 4). Summary of Linear mixed-effects 
regression analysis of reaction time data is reported in Table A24. The post hoc analysis for the 
group × position interaction shows that the differences between the Hindi US and Hindi Ind 
group were not significant (p=.43 and p=.30) (Table A25-3). The consonant × position 
interaction shows that the groups demonstrated slower reaction times when the target (both /v/ 
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and /w/) occurred in medial position (p<.001, Table A25, Table 5). The three-way interaction 
group × consonant × position did not improve the model fit.  
Across Stress conditions  
The descriptive analysis suggest that all the groups performed similarly in both stress 
conditions (Figure 5 shows target stressed and target unstressed). 
 
Figure 5. Mean accuracy on the identification task for the English and Hindi participants in the 
two stress conditions (target stressed or unstressed). Error bars show +/-1 standard error. 
 
Summary of mixed-effects logistic regression for accuracy data is reported in Table A22. 
The post hoc analysis for the group × stress interaction shows that the differences between the 
English group and the two Hindi groups were significant for both stressed and unstressed 
conditions (p<.001) but the differences between the Hindi US group and the Hindi Ind group 
were not significant for both stressed and unstressed conditions (p=.68 and p=.13) (Table A23-
5). The effect of stress was significant in the Hindi Ind group (p<.001), but not significant in the 
Hindi US group (p=.58) or the English group (p=.53). The consonant × stress interaction shows 
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that the effect of stress was significant on /v/ (p=.01) and /w/ (p<.001) (Table A23-5). The three-
way interaction group × consonant × stress did not improve the model fit.  
 
 
Figure 6. Mean reaction times (RT) on the identification task for the English and Hindi 
participants across two stress conditions. Error bars show +/-1 standard error. 
 
The descriptive statistics suggest that Hindi speakers demonstrated slower reaction times 
than the English speakers in the identification of /v/ and /w/ but there were no differences 
between the two Hindi Groups on the two stress conditions. Summary of linear mixed-effects 
regression analysis of reaction time data is reported in Table A24. The post hoc analysis for the 
group × stress interaction, the differences between the English group and the two Hindi groups 
were significant (p<.001) but the differences between the Hindi US group and the Hindi Ind 
group were not significant (p=.56 and p=.30). The effect of stress on English group was 
significant (p<.001) but the effect of stress on Hindi US and Hindi Ind group was not significant 
(p=.07, p=.41) (Table A25-4). The post hoc analysis for consonant × stress shows that the effect 
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of stress on /v/ was not significant (p=.07) but the effect of stress on /w/ was significant (p=.01) 
(Table A25-6). The three-way interaction group × consonant × stress did not improve the model 
fit.  
Stress by Position 
 
Figure 7. Mean accuracy on the identification task for the English and Hindi participants across 
the two stress and position conditions. Error bars show +/-1 standard error. 
  
The descriptive statistics suggest that in initial position with no stress on the target 
sounds, both Hindi groups performed less accurate than on any other syllable position or stress 
condition as compared to the English group for the identification of /w/. For the /v/ target in 
initial position with stress on target condition the Hindi groups performed less accurate than for 
any other position or stress condition as compared to the English group. Summary of mixed-
effects logistic regression for accuracy data is reported in Table A22. The effect of stress on was 
significant regardless of position or group (p=.02) and the effect of stress is smaller in medial 
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position as compared to the initial position (Table A22). The three-way interaction group × stress 
× position) did not improve the model fit and for this reason has been excluded from the final 
model reported in the Table A22.  
 
Figure 8. Mean reaction times (RT) on the identification task for the English and Hindi 
participants across two stress and position conditions. Error bars show +/-1 standard error. 
 
  The descriptive statistics suggest that in the condition where the target occurs in the 
medial position without stress, Hindi groups demonstrate slower reaction times for /v/ and /w/ 
than on any other condition. The English group’s performance does not differ much across stress 
and position conditions. The two Hindi groups demonstrate slower reaction times than the 
English group for /v/ and /w/. 
Summary of Linear mixed-effects regression analysis of reaction time data is reported in 
Table A24. The post hoc analysis for group differences shows that the differences between the 
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Hindi groups and the English group were significant (Table A25-1). The post hoc analysis for 
position × stress interaction shows that on both positions (initial and medial) the effect of stress 
was significant (p=.003 and p=.01) (Table A25-7). The three-way interaction group × stress × 
position) did not improve the model fit and for this reason has been excluded from the final 
model reported in the Table A24.  
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3.2 Discrimination Results 
Groups: Accuracy and Reaction times 
 
 
Figure 9. Mean accuracy on the discrimination task for the English and Hindi participants. Error 
bars show +/-1 standard error. 
 
The descriptive results show that Hindi speakers performed less accurately than the 
English speakers on discriminating /v/ and /w/ using English nonsense words (Figure 9). The 
discrimination performance is comparable on pairs of ‘b-v, b-w, f-v, f-w’ between English and 
Hindi groups but Hindi speakers performed significantly less accurately on the ‘v-w’ pair as 
compared to the English group. Summary of mixed-effects logistic regression analysis are 
reported in Table A26. The post hoc analysis for group × consonant pair demonstrates that the 
differences between Hindi US and Hindi Ind are not statistically significant for v-w pair (p=.17) 
but the differences between the English groups and the two Hindi groups on v-w pair are 
significant (p<.001) (Table A27-2).  
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Figure 10. Mean reaction times (RT) on the discrimination task for the English and Hindi 
participants. Error bars show +/-1 standard error. 
 
The descriptive statistics show that the two Hindi groups demonstrate slower reaction 
times for the discrimination of the ‘v-w’ pair compared to the English group. Summary of Linear 
mixed-effects regression analysis of reaction time data is reported in Table A28. The post hoc 
analysis for group × consonant pair shows that the differences between the English group and the 
two Hindi groups for v-w pair were significant (p<.001) but the different between the Hindi US 
group and the Hindi Ind group for v-w pair were not statistically significant (p=.45) (Table A29- 
2).  
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Across Positions 
 
Figure 11. Mean accuracy on the discrimination task for the English and Hindi participants in the 
two target positions. Error bars show +/-1 standard error. 
 
The descriptive analysis shows that overall, Hindi US and Hindi Ind performed less 
accurately than the English speakers in both positions for the ‘v-w’ pair. Summary of mixed-
effects logistic regression analysis are reported in Table A26. The post hoc analysis for group × 
position shows that the differences between the English group and the two Hindi groups on the 
v-w pair were significant (p<.001) The differences between the Hindi Ind and the Hindi US 
group for the v-w pair were not significant for both positions (p=.81 and p=.20) (Table A27-3). 
All the groups performed more accurately on the discrimination task with the target sounds in the 
medial position of the nonsense word as compared to when the target sounds occurred in initial 
position (p<.001, Table A27-3). 
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Figure 12. Mean reaction times (RT) on the discrimination task for the English and Hindi 
participants across two positions. Error bars show +/-1 standard error. 
 
The descriptive analysis shows that reaction times for the two Hindi groups are slower 
than the English group for the ‘v-w’ pair in both positions. Summary of Linear mixed-effects 
regression analysis of reaction time data is reported in Table A28. The post hoc analysis for 
group × position shows that the differences between the English group and the Hindi US group 
were not significant (p=.19, p=.32) but the differences between the English group and the Hindi 
Ind group were approaching significance (p=.05) for v-w pair for Initial position but not 
significant for v-w pair in Medial position (p=.11) (Table A29-3). The effect of position was 
significant in all groups (p<0.001, Table A29-3).  
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Across Stress conditions 
 
Figure 13. Mean accuracy on the discrimination task for the English and Hindi participants in the 
two stress conditions. Error bars show +/-1 standard error. 
 
The descriptive analysis shows that all the groups performed very similar in both stress 
conditions (target stressed and target unstressed) in terms of accuracy. Summary of mixed-
effects logistic regression analysis are reported in Table A26. The post hoc analysis for group × 
stress interaction shows that the differences between the English group and the two Hindi 
groups; Hindi US and Hindi Ind for the v-w pair are significant statistically (p<.001), The 
differences between the Hindi US and the Hindi Ind group in both stress conditions for the v-w 
pair are not significant (Hindi Ind vs. Hindi US unstressed, p=.78; Hindi Ind vs. Hindi US for 
stressed, p=.37, Table A27-4). The effect of stress on all groups was not significant (English 
group p=.07, Hindi US p=.25 and Hindi Ind p=.85, Table A27-4).   
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Figure 14. Mean reaction times (RT) on the discrimination task for the English and Hindi 
participants across two stress conditions. Error bars show +/-1 standard error. 
  
The descriptive analysis (Figure 14) shows that Hindi speakers demonstrated slower 
reaction times than the English speakers in the discrimination of ‘v-w’ pair but there are no 
significant differences between the two Hindi Groups on the two stress conditions, however, the 
Hindi Ind group demonstrated slightly slower reaction times for ‘v-w’ pair than the Hindi US 
group. Summary of linear mixed-effects regression analysis of reaction time data is reported in 
Table A28. The post hoc analysis for the group × stress interaction shows that the differences 
between the English group and the two Hindi groups; Hindi US and Hindi Ind for the v-w pair 
were not statistically significant (p=.19, p=.08, p=.31, p=.08). The differences between the Hindi 
US group and the Hindi Ind group on the v-w pair were not significant (p=.64, p=.46) (Table 
A29-4). The effect of stress on all groups was not significant (English group p=.58, Hindi US 
group p=.28 and Hindi Ind group p=.66, Table A29-4).  
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Across Stress and Position  
 
Figure 15. Mean accuracy on the discrimination task for the English and Hindi participants 
across the two stress and position conditions. Error bars show +/-1 standard error. 
 
The descriptive analysis suggests that in the initial position with stress and without stress, 
Hindi groups performed less accurately as compared to the medial position, implying that the 
medial position is easier in both stress conditions and the initial position is difficult in both stress 
conditions (Figure 15). Summary of mixed-effects logistic regression analysis are reported in 
Table A26. The post hoc analysis for position × stress interaction shows that for both positions 
(initial and medial) the effect of stress was not significant for all groups (p=.16, p=.10) (Table 
A26-5). The three-way interaction group × stress × position) did not improve the model fit and 
for this reason has been excluded from the final model reported in the Table A26.  
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Figure 16. Mean reaction times (RT) on the discrimination task for the English and Hindi groups 
across two stress and position conditions. Error bars show +/-1 standard error. 
 
The descriptive analysis suggests that in both stress conditions, Hindi groups demonstrate 
slower reaction times for the ‘v-w’ pair than the English group. Summary of linear mixed-effects 
regression analysis of reaction time data is reported in Table A28. The post hoc analysis for 
position × stress interaction shows that the effect of stress is significant on both positions in all 
groups (p<.001, Table A29-5). The three-way interaction group × stress × position) did not 
improve the model fit and for this reason has been excluded from the final model reported in the 
Table A28.  
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3.3. Rating Scale Results 
Hindi Speakers’ nonsense words Productions. 
English nonsense words with the targets /v/ and /w/, produced by Hindi speakers were 
rated by 15 English-speaking listeners using a 7-point scale. The scale was reduced to two and 
three levels for two different analyses. In the two-level scale we used ratings of 1-3 as correct /v/ 
when /v/ was the target and 5-7 as correct /w/ when /w/ was the target.  
 
 
Figure 17. Mean accuracy of Hindi speakers’ (both groups combined) production of /v/ and /w/ 
rated by the 15 English speaking listeners using the 7-point goodness rating scale. Error bars 
show +/-1 standard error. 
 
Collapsing across groups of Hindi speakers’ (Hindi US and Hindi Ind), /v/ was rated 
accurately as /v/ on only 67.22% of the productions and /w/ was rated correctly only 40.99% of 
the time (Figure 17).  
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Figure 18. Mean accuracy of Hindi US and Hindi Ind speakers’ production of /v/ and /w/ rated 
by the 15 English speaking listeners using the 7-point goodness rating scale. Error bars show +/-
1 standard error. 
 
A comparison of the two Hindi groups shows that the target /v/ productions were rated as 
the correct target category more often for the Hindi Ind group as compared to the Hindi US 
group and /w/ productions were rated as the correct target category more often for the Hindi US 
group as compared to the Hindi Ind group. Hindi US /v/ productions were rated as the correct 
target 65.78% of the times and /w/ productions were rated as the correct target 46.02% of the 
times. Hindi Ind /v/ productions were rated as the correct target category for 68% of the trials 
and /w/ productions were rated as the correct category for 35.22% of the trials. Hindi Ind /w/ 
productions were rated as the correct target for a lower proportion of trials as compared to the 
Hindi US /w/ productions (Figure 18). 
Summary of the mixed effects logistic regression analysis is reported in Table A30. The 
post hoc analysis for group × consonant interaction shows that the differences between the 
ratings for Hindi Ind groups’ and the Hindi US groups’ production of /v/ were not significant 
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(p=.51) but the differences between the ratings for Hindi US groups’ and Hindi Ind groups’ 
production of /w/ were statistically significant (p=.02) (Table A31-1).  
In an analysis that examined the mode of presentation (auditory vs. written) of the target 
productions revealed interesting findings.  
 
 
Figure 19. Mean accuracy of Hindi US and Hindi Ind speakers’ production of /v/ and /w/ in 
auditory and visual modalities. Error bars show +/-1 standard error. 
 
The graph (Figure 19) shows that the Hindi US group’s target /v/ productions were rated 
as more accurate on the written modality than for the auditory modality but target /w/ 
productions were rated as more accurate for the auditory modality than for the written modality. 
The Hindi Ind group’s target /v/ productions were rated as more accurate for the written modality 
than for the auditory modality and the target /w/ productions were rated as more accurate for the 
auditory modality than for the written modality. Thus the Hindi Ind group appeared to have more 
accurate production performance for target /v/ when the target forms were presented as written 
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forms than when listening to auditory models but more accurate productions for /w/ when 
listening to the auditory models than the written forms. However, they did not show improved 
performance for both /v/ and /w/ for one modality over the other. Summary of the mixed effects 
logistic regression is reported in the Table A32. The post hoc analysis for group × consonant × 
modality shows that for /v/ the effect of modality was significant in Hindi Ind group (p<.001) but 
not significant in the Hindi US group (p=.35). For /w/ the effect of modality was significant for 
Hindi Ind group and Hindi US group (p<.001 and p=.01) (Table A33-1).    
Results from 7-level scale: All the 7 levels of the rating scale (responses from 1-7) were used. 
Mean ratings for Hindi speakers’ productions of /v/ and /w/ were calculated for the /v/ and /w/ 
targets.  
Table 2. Mean rating response for Hindi speakers’ /v/ and /w/ with standard deviation (SD) and 
standard error (SE). 
consonant n Rating  SD SE 
v 32 2.84 1.02 0.18 
 
w 32 3.87 1.30 0.23 
 
The table above shows that the average rating for Hindi speakers’ target /v/ productions 
by English-speaking listeners was 2.84 (1.0). This was a “poor ‘v’ on the rating scale and the 
average rating for Hindi speakers’ /w/ was a 3.8 (1.30) which indicated an ambiguous consonant. 
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Table 3. Mean rating response for Hindi US and Hindi Ind groups’ /v/ and /w/ with standard 
deviation (SD) and standard error (SE). 
 
Consonant Group n Rating SD SE 
v Hindi US 16 2.92 1.21 0.30 
 
v Hindi Ind 16 2.75 0.81 0.20 
 
w Hindi US 16 4.10 1.28 0.32 
 
w Hindi Ind 16 3.64 1.33 0.33 
 
The table above (Table 3) shows that the mean rating for Hindi speakers’ target /v/ 
productions for Hindi US group was 2.9 and for Hindi Ind group was 2.75. The rating for Hindi 
speakers’ /w/ for the Hindi US group was 4.10 and the Hindi Ind group was 3.64.  
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Table 4. Mean rating response for Hindi speakers’ /v/ and /w/ across target presentation 
modalities with standard deviation (SD) and standard error (SE). 
 
Consonant Modality n Rating SD SE 
 
v auditory 32 2.90 0.99 0.17 
 
v written 32 2.71 1.23 0.21 
 
w auditory 32 3.97 1.28 0.22 
 
w written 32 3.67 1.63 0.28 
 
Table 5. Mean rating response for Hindi US and Hindi Ind speakers’ /v/ and /w/ across target 
presentation modalities with standard deviation (SD) and standard error (SE). 
Consonant Modality Group n Rating SD SE 
v auditory Hindi US 16 2.93 1.16 0.29 
v written Hindi US 16 2.90 1.46 0.36 
v auditory Hindi Ind 16 2.88 0.83 0.20 
v written Hindi Ind 16 2.53 0.96 0.24 
w auditory Hindi US 16 4.18 1.30 0.32 
w written Hindi US 16 3.94 1.62 0.40 
w auditory Hindi Ind 16 3.76 1.27 0.31 
w written Hindi Ind 16 3.41 1.65 0.41 
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Table 6. Mean rating response for Hindi speakers’ target /v/ and /w/ productions across positions 
with standard deviation (SD) and standard error (SE). 
Consonant Position n Rating SD SE 
v Initial 32 2.71 1.24 0.22 
v Medial 32 2.96 0.90 0.16 
w Initial 32 3.68 1.48 0.26 
w Medial 32 4.06 1.21 0.21 
 
Table 7. Mean rating response for Hindi US and Hindi Ind speakers’ target /v/ and /w/ 
productions across positions with standard deviation (SD) and standard error (SE). 
Consonant Group Position n Rating SD SE 
v Hindi US Initial 16 2.84 1.33 0.33 
v Hindi US Medial 16 2.99 1.16 0.29 
v Hindi Ind Initial 16 2.58 1.18 0.29 
v Hindi Ind Medial 16 2.94 0.58 0.14 
w Hindi US Initial 16 3.98 1.49 0.37 
w Hindi US Medial 16 4.22 1.18 0.29 
w Hindi Ind Initial 16 3.38 1.46 0.36 
w Hindi Ind Medial 16 3.90 1.25 0.31 
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Table 8. Mean rating response for Hindi speakers’ target /v/ and /w/ productions across target 
presentation modality and position with standard deviation (SD) and standard error (SE). 
Consonant Modality Position n Rating SD SE 
v auditory Initial 32 2.73 1.22 0.21 
v auditory Medial 32 3.07 0.92 0.16 
v written Initial 32 2.69 1.53 0.27 
v written Medial 32 2.75 1.12 0.19 
w auditory Initial 32 3.66 1.45 0.25 
w auditory Medial 32 4.28 1.28 0.22 
w written Initial 32 3.74 1.95 0.34 
w written Medial 32 3.62 1.43 0.25 
 
 
In the next analyses, Hindi speakers’ and English speakers’ productions of nonsense 
words were rated by two English speakers. Two and three level scales were analyzed. 
The categories from the rating scale were collapsed to analyze the data as correct or 
incorrect for /v/ and /w/ target productions. Ratings for the English speakers were near ceiling, as 
shown in Figures 20 and 21. In contrast, the ratings for the two Hindi groups’ were less than .8 
for /v/ targets and less than .4 for /w/ targets. This pattern shows a similar bias towards judging 
more of the productions to fit the English /v/ phoneme category than the /w/ phoneme category 
as found by the 15 raters in the previous section. 
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Figure 20. Mean accuracy of Hindi and English speakers’ production of target /v/ and /w/ rated 
by the two English speaking listeners. Error bars show +/-1 standard error. 
 
 
Figure 21. Mean accuracy of Hindi and English speakers’ production of the target /v/ and /w/ in 
two target presentation modalities rated by the two English speaking listeners. Error bars show 
+/-1 standard error. 
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Results from 7-point scale: All the 7 levels of the rating scale (responses from 1-7) were used. 
Mean ratings for Hindi speakers’ and English speakers’ productions of /v/ and /w/ were 
calculated for the /v/ and /w/ targets.  
Table 9. Mean rating response for English group, Hindi US and Hindi Ind groups’ /v/ and /w/ 
with standard deviation (SD) and standard error (SE). 
Consonant Group n Rating SD SE 
v English 16 1.42 0.18 0.04 
v Hindi US 16 3.09 1.14 0.28 
v Hindi Ind 16 2.95 0.82 0.20 
w English 16 6.73 0.18 0.04 
w Hindi US 16 4.13 1.31 0.32 
w Hindi Ind 16 3.88 1.32 0.33 
 
Ratings for the English speakers’ target /v/ was 1.42 (.18). This is close to a “good” 
production of the target /v/. The rating for English speakers’ target /w/ was 6.73 (.18), which 
indicated close to a “good” /w/ production on the scale (as shown in Table 9). In contrast, the 
ratings for the Hindi US groups’ production of the target /v/ was 3.09 (1.14), which indicated a 
‘poor” /v/ target on the rating scale and 4.13 (1.31) for the /w/ target, which, indicated an 
ambiguous consonant to a “poor” /w/ production. The ratings for the Hindi Ind groups’ /v/ target 
was 2.95 (.82), which indicated close to a “poor” /v/ production and 3.88 (1.32) which indicated 
close to an ambiguous consonant production. This pattern was consistent across position of the 
target and across the presentation modalities (as shown in Table 10 and Table 11 below). 
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Table 10. Mean rating response for English speakers’, Hindi US and Hindi Ind speakers’ target 
/v/ and /w/ across target presentation modalities with standard deviation (SD) and standard error 
(SE). 
Consonant Modality Group n Rating SD SE 
v auditory English 14 1.42 0.17 0.04 
v written English 16 1.42 0.27 0.06 
v auditory Hindi US 16 3.10 1.19 0.29 
v written Hindi US 16 3.16 1.29 0.32 
v auditory Hindi Ind 16 3.17 0.90 0.22 
v written Hindi Ind 16 2.86 1.00 0.25 
w auditory English 14 6.71 0.18 0.05 
w written English 16 6.78 0.28 0.07 
w auditory Hindi US 16 4.54 1.52 0.38 
w written Hindi US 16 4 1.57 0.39 
w auditory Hindi Ind 16 3.82 1.32 0.33 
w written Hindi Ind 16 3.82 1.59 0.39 
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Table 11. Mean rating response for English speakers’, Hindi US and Hindi Ind speakers’ /v/ and 
/w/ across positions with standard deviation (SD) and standard error (SE). 
Consonant Group  Position n Rating SD SE 
v English Initial 16 1.44 0.22 0.05 
v English Medial 16 1.39 0.25 0.06 
v Hindi US Initial 16 3.09 1.31 0.32 
v Hindi US Medial 16 3.07 1.18 0.29 
v Hindi Ind Initial 16 2.95 1.21 0.30 
v Hindi Ind Medial 16 2.98 0.91 0.22 
w English Initial 16 6.75 0.27 0.06 
w English Medial 16 6.71 0.20 0.05 
w Hindi US Initial 16 3.85 1.62 0.40 
w Hindi US Medial 16 4.43 1.41 0.35 
w Hindi Ind Initial 15 3.72 1.49 0.38 
w Hindi Ind Medial 16 4.07 1.29 0.32 
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Sentence Production Ratings  
Two clinically-trained SLP listeners rated the /v/ and /w/ target word productions of the 
Hindi speakers produced in sentences. Two and three level scales were analyzed for the correct 
or incorrect /v/ and /w/ productions. 
 
 
Figure 22. Mean accuracy of Hindi speakers’ production of words from minimal pairs with /v/ 
and /w/ rated by the two English speaking trained listeners. Error bars show +/-1 standard error. 
 
This analyses indicated that the Hindi US groups’ production of the target/w/ was rated as 
64% correct and production of the target /v/ was rated 53% correct. In contrast, the Hindi Ind 
speakers’ production of the target /w/ was rated as 51% and production of the target /v/ was rated 
as 57% correct. 
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Figure 23. Mean accuracy of Hindi speakers’ production sentences with words from minimal 
pairs with /v/ and /w/ in two presentation modalities rated by the two English speaking listeners. 
Error bars show +/-1 standard error. 
 
In the auditory presentation modality, the Hindi US speakers’ production of the target /v/ 
was rated as 49% correct and the production of the target /w/ was rated as 64% correct. For the 
written presentation modality, the Hindi US speakers’ production of the target /v/ was rated as 
56% correct and production of the target /w/ was rated as 64% correct. In contrast, for the Hindi 
Ind speakers’ production of the target /v/ in the auditory presentation modality was rated as 48% 
correct and the target /w/ was rated as 52% correct. For the written modality, the Hindi speakers’ 
production of the target /v/ was rated as 68% correct and the target /w/ was rated as 51% correct. 
Thus, it is observed that the ratings for the target production of /v/ improved for the written 
presentation modality for both Hindi groups.    
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Results from the 7-point scale 
All the 7 levels of the rating scale (responses from 1-7) were used to get the mean ratings 
for Hindi speakers’ production of the target /v/ and /w/. Table 12 shows that Hindi speakers’ 
productions of the target /v/ were rated 3.53 (1.32), which indicates between a “poor” target /v/ 
and an ambiguous consonant on the scale. The target /w/ was rated 4.46 (1.62), which indicates 
between an ambiguous consonant and a “poor” /w/ on the scale. Table 13 shows the comparison 
between the two Hindi groups, which indicates the same pattern and similar ratings. The results 
were similar across the two presentation modalities (auditory and written) as shown in Table 14 
and 15. The findings from the sentence production results are similar to that of the nonsense 
word ratings in the sense that the rating of the productions of the target /v/ and the target /w/ 
remained in the same range and did not reach in the range of a “good” or a ‘fair’ /v/ or a “good” 
or a “fair” /w/ for any task.         
Table 12. Mean rating response for Hindi speakers’ /v/ and /w/ with standard deviation (SD) and 
standard error (SE). 
Consonant  n Rating SD SE 
v 32 3.53 1.32 0.23 
w 32 4.46 1.62 0.28 
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Table 13. Mean rating response for Hindi US and Hindi Ind speakers’ /v/ and /w/ with standard 
deviation (SD) and standard error (SE). 
Consonant Group n Rating SD SE 
v Hindi US 16 3.65 1.39 0.34 
v Hindi Ind 16 3.42 1.27 0.31 
w Hindi US 16 4.85 1.46 0.36 
w Hindi Ind 16 4.06 1.72 0.43 
 
 
 
 
Table 14. Mean rating response for Hindi speakers’ /v/ and /w/ across modalities with standard 
deviation (SD) and standard error (SE). 
 
 
 
 
 
 
 
 
 
 
 
Consonant Modality n Rating SD SE 
v auditory 32 3.95 1.53 0.27 
v written 32 3.20 1.37 0.24 
w auditory 32 4.54 1.61 0.28 
w written 32 4.38 1.79 0.31 
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Table 15. Mean rating response for Hindi US and Hindi Ind speakers’ /v/ and /w/ across 
modalities with standard deviation (SD) and standard error (SE). 
Consonant Modality Group n Rating SD SE 
v auditory Hindi US 16 3.96 1.59 0.39 
v written Hindi US 16 3.51 1.48 0.37 
v auditory Hindi Ind 16 3.94 1.52 0.38 
v written Hindi Ind 16 2.90 1.22 0.30 
w auditory Hindi US 16 4.95 1.43 0.35 
w written Hindi US 16 4.78 1.69 0.42 
w auditory Hindi Ind 16 4.14 1.72 0.43 
w written Hindi Ind 16 3.98 1.86 0.46 
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3.4. Correlation between perception and production (Production predicted by Perception) 
Identification and Production (/v/ and /w/) 
Pairwise comparisons (Figure 24) between identification accuracy and rating scores of 
productions for both Hindi groups for /v/ show that the two variables were not strongly 
correlated for both the groups, Hindi Ind r=.22, p=.41 and Hindi US r=.02, p=.91.  
 
Figure 24. Correlation between identification accuracy and rating scale scores for Hindi 
speakers’ (both groups) for /v/. 
 
Pairwise comparisons (Figure 25) between identification accuracy and rating scores of 
productions for the Hindi groups for /w/ show that the two variables were significantly correlated 
for the Hindi US group (r=.57*, p<.05) but not significant for the Hindi Ind group (r=.32, 
p=.22).  
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Figure 25. Correlation between identification accuracy and rating scale scores for Hindi 
speakers’ (both groups) for /w/. 
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Discrimination and Production (v-w) 
Pairwise comparisons (Figure 26) between discrimination accuracy and rating scores of 
productions for both Hindi groups for ‘v-w’ show that the two variables were significantly 
correlated for the Hindi US group (r=.61*, p<.05) but not significant for the Hindi Ind group 
(r=.43, p=.09) 
  
 
Figure 26. Correlation between discrimination accuracy and rating scale scores for Hindi US and 
Hindi Ind for ‘v-w’. 
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Chapter 4. Discussion 
The purpose of this study was to examine the perception and production of AE /v/ and 
/w/ in Hindi speakers in English nonsense words and real words compared to English speakers’ 
performance on the same /v/-/w/ contrast and tasks. Three tasks were conducted in this study: an 
identification task, a discrimination task and a production task. The results generally showed that 
Hindi speakers had difficulty in identifying, discriminating, and producing the /v/ versus /w/ 
contrast whether they lived in India or in the US. They demonstrated considerably lower 
accuracy in identifying, and discriminating /v/ and /w/ as compared to the English group. 
Although the two Hindi groups, Hindi Ind and Hindi US demonstrated lower accuracy than the 
English group, it will be important to see and discuss the differences between these two groups. 
In the following sections we will discuss these findings in greater detail and in relation to each 
hypothesis. 
4.1. Identification of /v/ and /w/ 
It was predicted that both Hindi groups would perform worse than the English group on 
identification and discrimination tasks in terms of accuracy and reaction times for the /v/ and /w/ 
contrast. I had also predicted that the Hindi Ind group would perform the worst because the 
Hindi US group has had exposure to AE for at least five years and is exposed to the 
contrastiveness of /v/ and /w/. Results confirmed the first prediction, however, the second 
prediction regarding better performance of the Hindi US group was not supported. The findings 
were clearly due to the difficulties with /v-w/ contrast (that is, target phonemes), since Hindi 
speakers’ performance was comparable to the English group on identification of the control 
phonemes /b/ and /f/. 
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On the identification task the two Hindi groups performed at around 50%-60% accuracy 
(for /v/ and /w/ targets), which is at chance. It appears that the Hindi speakers are guessing 
between /v/ and /w/. The identification success for both /v/ and /w/ were close, although the 
Hindi speakers’ showed a slight bias for labeling the targets as /v/. The literature indicates that 
/w/ is probably not present in Hindi (Agnihotri, 1988) and /w/-like productions are observed in 
words in only certain positions in Hindi (Pierrehumbert, 1996). Hindi speakers use the labio-
dental approximant /ʋ/ instead of /v/ and /w/.  Since Hindi speakers, most of the time, produce 
the more /v/ like phone /ʋ/ as the target in Hindi words, the low accuracy on the identification of 
English /v/ target is interesting. One possibility for this pattern is that seeing the ‘w’ labeled key 
might have led them to think that there are stimuli that had to be identified as a /w/.  
The results in this dissertation were consistent with other studies. Iverson et al., (2008) 
observed that Sinhala speakers (Sinhala speakers use labiodental approximant /ʋ/ as do Hindi 
speakers) performed near chance on the identification of /v/ and /w/. They suggested that the L1 
category for labiodental approximant interferes with establishing two separate categories of /v/ 
and /w/ in Sinhala speakers. In another study, Iverson et al, (2011) observed that Hindi speakers 
made many errors on the English /v/-/w/ contrast using a speech continua and that the Hindi 
speakers had difficulties with /v/-/w/ contrast regardless of their period of stay in London (1-5 
years) (the Hindi participants in their study had learned English in India at the age of 3-8 years). 
We know that the Hindi speakers use a labio-dental approximant /ʋ/ instead of /v/ and /w/. The 
results of these studies show that Hindi speakers are confused between /v/ and /w/ but do not 
directly reveal how the listeners are perceiving these phonemes. One possible way to investigate 
their perception is to conduct a goodness rating task with /v/ and /w/ tokens in English words and 
ask the Hindi speakers to rate which is the better match with the Hindi phoneme /ʋ/. We might be 
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able to know if they prefer one over the other. This would reveal which English phoneme is 
perceived to be a better match with /ʋ/.  If neither is a better match, then the slight preference for 
producing /v/-like phones for both the /v/ and /w/ targets would need to be explained in a 
different way. The results suggest that Hindi speakers are unable to decide whether the manner 
of articulation (approximant) should be relied upon or the place of articulation (labio-dental) for 
identifying the target sound. A future study that directly manipulates the acoustic cues that 
reflect these parameters would be necessary to further explore how Hindi speakers are perceiving 
these English phonemes. 
Another study had indicated that Hindi speakers realized both /v/ and /w/ token with 85% 
accuracy (Chand, 2009). One possible reason for the better performance is that the tokens were 
real words. Hindi speakers may have had enough experience with English as a second or third 
language to know the orthography for these real words and used this knowledge to generate 
correct or near correct productions. However, in our production task (discussed later in detail), 
the Hindi groups’ productions of real words with /v/ and /w/ were rated as poor productions of 
/v/ and /w/ respectively by English raters. It will be interesting to analyze the production data 
using acoustic tools to see how well /v/ and /w/ were produced by the Hindi speakers. In our 
study, non-sense words were used so that the participants could not rely upon the orthography. 
Thus our results reveal what they are perceiving from the acoustic-phonetic information without 
any cues from lexical knowledge. It will be important to conduct studies comparing the 
performance on nonsense words and real words to examine to what extent lexical knowledge 
aids in perception and production of this contrast.  
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The two Hindi groups, Hindi US and Hindi Ind differed slightly on the identification of 
/v/ and /w/. On /v/ the Hindi Ind group appeared to perform better than the Hindi US group and 
on /w/ the Hindi US group appear to perform slightly better than the Hindi Ind group (but only 
the difference on /v/ approached significance). It is possible that the Hindi speakers who have 
been in the US are becoming aware of the contrastive nature of /v/ and /w/ and, thus, realized 
that many words begin with /w/; however, their perceptual skills are not sufficient to determine 
when to label a word as /w/ rather than /v/. More specifically, this finding may indicate the [v] 
phone is initially the favored phonetic realization. But after coming to the US, Hindi speakers 
begin to recognize [w] as a phonetic realization and categorization behavior shifts in this 
direction. However, this shift does not lead to accurate identification of the two phonemes. This 
is a strong indication towards the need for training for this contrast, but it is an open question 
what type of training to do and how effective this training will be.  
With regards to the reaction time (RT) data, the Hindi speakers took longer to identify the 
two phonemes /v/ and /w/ than the English group, whereas, on /b/ and /f/ their RT’s were 
comparable to that of English group. This finding suggests that Hindi speakers seem to be aware 
of their poor performance on identification of /v/ and /w/ at some level and appear to be taking 
more time in order to decide whether the target is a /v/ or a /w/. In other words the longer time 
taken in the identification task is indicative of Hindi speakers finding it challenging to decide if 
the target is a /v/ or a /w/. Reaction time results have been observed to be important in 
demonstrating that within category differences are noticed by the listeners in speech perception 
tasks (Pisoni and Tash, 1974 & Nan Jiang, 2012). Nan Jiang (2012) suggest that “RT provides a 
more sensitive means to reveal what happens in the minds of individuals in language processing” 
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(p. 9). In this case, the slower RTs reveal that Hindi listeners know at some level that English 
makes a distinction between /v/ and /w/.  
Comparing the two Hindi groups, the Hindi US group was as slow as the Hindi Ind 
group. Thus the exposure to American English for five or more years showed little effect on the 
identification of /v/ and /w/ in English nonsense words for RT or accuracy. This finding suggests 
that exposure to American English phonemes has been insufficient to allow for perceptual 
learning of the /v/ versus /w/ contrasts. It will be important to examine how different types of 
training change perception of these contrasts. 
An interesting question is whether early bilingual Hindi-English speakers who grow up in 
India would show two categories for English and what phonetic realization would be observed 
for the Hindi labiodental approximant. The Hindi speakers in the current study learned English 
after 4-5 years of age in school settings and often from teachers who were dominant speakers of 
Hindi.  It is likely that early bilingual Hindi-English participants who grow up in the US would 
show good identification and discrimination of this contrasts, since other studies have indicated 
that learning a second-language before about 10 years of age in the country where the L2 is 
dominant allows for good perception of L2 contrasts (Flege, 1991, Hisagi, Garrido-Nag, Datta & 
Shafer, 2015). So the question here is what type of early experience with the phonological 
system is necessary to allow for good perception. Hindi speakers learning English in India may 
have some access to English L1 productions via English teachers from an English speaker 
country of via movies, but it is unclear how much input form the sources is necessary to allow 
for better performance with the English /v/ and /w/ contrast.  
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Phoneme contexts effects 
A second objective of this study was to see if there were any effects on the target 
consonant of syllable position and/or stress on the performance of Hindi speakers. We did not 
have an apriori prediction that the groups would differ with regards to either of these variables 
because these variables had not previously been examined. However, there was a possibility that 
presence of the target in a stressed syllable would allow for clearer productions and better 
perception. Accuracy did differ across contexts, with better performance observed when the 
target occurred in medial position (/ˈɡavaɡ, ˈɡawaɡ, ɡaˈvaɡ, ɡaˈwaɡ/) as compared to when the 
target sounds occurred in initial position (/ˈvaɡaɡ, ˈwaɡaɡ, vaˈɡaɡ, waˈɡaɡ /). Even so the two 
Hindi groups still performed very poorly, and neither group showed accuracy rising above 65%. 
The differences between the two Hindi groups were minimal and not significant and stress had 
little effect; the Hindi listeners performed worse when the target was in unstressed first syllable 
position, particularly for /w/. However, given that participants were performing near chance, this 
finding may simply indicate that Hindi listeners had a slight bias to report /v/ in unstressed first 
syllable position. On /b/ and /f/ Hindi speakers performance was comparable with the English 
group’s performance. 
Explanations for poor perception of /v/-/w/ 
According to SLM’s hypothesis 2 (H2) for L2 learners, a new phonetic category will be 
formed by L2 learners if they are able to detect some differences (phonetic) between L1 speech 
sounds and the novel L2 speech categories (Flege et al., 1995). It appears that learning the 
phonetic cues of the labiodental approximant [ʋ] does not allow for detection of a difference 
between English /v/ and /w/. Perhaps this is because Hindi speakers use features from both /v/ 
and /w/ to formulate the one category /ʋ/. It appears that the Hindi-English bilinguals perceive 
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both English /v/ and /w/ as allophones of the labiodental approximant /ʋ/. As a consequence, they 
were not able to detect phonetic differences and this resulted in the poor performance on the 
identification task of English /v/ and /w/. The alternative is that they can detect the difference, 
but they have difficulty determining which phonetic cues should be relied on for accurate 
categorization. This later explanation is consistent with Strange’s Automatic Selective 
Perception Model (ASP; Strange, 2011). ASP suggests that in the case of a complex L2 stimulus, 
second language learners rely upon the Selective Perceptual Routines (SPR’s) from their L1. In 
this case, Hindi speakers rely upon their SPR’s for /ʋ/ when faced with /v/ and /w/ and these 
SPR’s are inadequate in differentially categorizing /v/ and /w/.  
Hindi speakers, in their childhood, have learned a variety of English that uses labio-
dental /ʋ/ rather that two distinct categories of /v/ and /w/ because English is generally taught by 
Hindi speakers who have English as a second language (in the school) rather than by English 
teachers who make clear distinction between /v/ and /w/. It is an interesting question of whether 
Hindi L2 learners who had a teacher at school age with English as an L1 (British, American, 
Canadian, Australian or New Zealander) would show better perception of this contrast.  
SLM’s hypothesis 3 (H3) can be linked to the case of the Hindi US speakers of English. 
SLM H3 states that “the greater the perceived phonetic dissimilarities between an L2 sound and 
the closest L1 sound, the more likely it is that phonetic differences between the sounds will be 
discerned” (p. 239). It could be argued that the Hindi US speakers who have been exposed to the 
phonemic nature of the /v/ and /w/ contrast and to the American English (AE) phonetic 
realization of this distinction might be able to perceive the contrast better than those who have 
not been exposed to the AE /v/ and /w/ contrast. As mentioned above, English spoken in India is 
less likely to make this distinction because it has been taught by Hindi speakers who spoke 
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English as a second language or third language. Thus, Hindi listeners in the US should have 
performed significantly differently than Hindi Ind listeners, if they could take advantage of this 
experience. Because the results did not demonstrate clear differences between the two groups, it 
indicates that the Hindi speakers may be using their SPR’s for /ʋ/ while identifying /v/ and /w/. It 
is possible that the process of forming new categories for this contrast will involve two steps; 
first, separation of the place and manner for /v/ and /w/ individually so that correct articulatory 
gestures can be realized for each of the phoneme and second, training with English nonsense and 
real words with some kind of feedback.  
The second model of speech perception that is relevant to this study, PAM L2, states that 
two L2 categories could be “perceived as equivalent to the same L1 category, but as equally 
good or poor instances of that category” (Best and Tyler, 2007). Based on our results Hindi 
speakers show only a slight bias for perceiving the target sounds as /v/. However, the difference 
is very slight, suggesting that they are perceiving the L2 phonemes /v/ and /w/ equally in their L1 
category /ʋ/ as equally good or equally poor instances of the L1 /ʋ/ category. In future studies, 
goodness rating judgments will be necessary to see whether the participants find one of these 
phonetic patterns more similar to the Hindi phoneme category than the other.  
Our findings are consistent with the concept of perceptual interference (Iverson et al., 
2003), which states that “early language learning experience alters relatively low-level 
perceptual processing and these changes interfere with the formation and adaptability of higher 
level linguistic representations”. Iverson et al., (2003) further state that “a loss of perceptual 
sensitivity for non-native phoneme contrasts may be difficult to reverse in adulthood. Because 
perceptual resolution would have become reduced for the types of acoustic variation that are 
most critical for training”. The result of this dissertation agree with the concept of ‘effect of early 
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language learning experience affecting the non-native speech perception later in life’ but how 
Hindi speakers do on this contrast with training is an open question. It would also be interesting 
to examine neural correlates of processing these contrasts because these measures could provide 
information on how encoding and processing of phonological information is influences by early 
versus late experiences (e.g., Hisagi, et al., 2015). 
4.2. Categorial AXB Discrimination 
Our findings are consistent with Iverson et al., (2011) that Hindi speakers performed 
worse than English speakers in discrimination tasks using on the /v/-/w/ contrast. However, 
Hindi speakers did perform better on the discrimination tasks than on the identification task. On 
the discrimination tasks they performed above chance, showing discrimination accuracy scores 
close to 75% at the group level. This finding indicates that the phonetic cues differentiating /v/ 
and /w/ are available to the listeners. The Hindi listeners performed comparable to the English 
controls on the control pairs of /b-v, b-w, f-v, f-w/, so it is clear that this finding was related 
specifically to stimulus properties of /v/ and /w/ and not to any misunderstanding of the nature of 
the tasks.  
The performance of Hindi US group appeared to be slightly better than the Hindi Ind 
group, but the difference was not significant. The observation that the two Hindi groups were not 
significantly different was contrary to the prediction. It was, perhaps, less surprising that 
identification behavior did not differ, but one might expect that direct experience with the 
contrast in the US would allow for some recognition of the difference. This finding indicates that 
there is a significant need for training for this contrast because the type of exposure to AE 
received by living in the U.S. did not lead to significantly better performance on this task than 
the Hindi Ind group (who had never lived in the US or in any other English dominant society).       
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This finding of better than chance performance is very encouraging in terms of training studies. 
Hindi speakers are able to hear some acoustic-phonetic differences between the two L2 
phonemes, and thus, these differences can serve as a basis for training. However, their 
assimilation of both L2 phonemes in one L1 category (consistent with PAM L2) is still somehow 
interfering with discrimination. 
4.3. Production (perception of the production) 
The findings indicated that Hindi speakers’ productions of /v/ and /w/ are not contrastive 
between the two targets. We also compared judgments of productions for Hindi and English 
speakers and the judgments for English speakers showed accurate productions for the English 
speakers. This pattern was predicted and is consistent with the perception findings. These 
findings are also consistent with Iverson et al., (2008) where Sinhala speakers’ (who use /ʋ/ 
instead of /v/ and /w/, like Hindi speakers) productions were rated as sounding more like /v/ for 
both /v/ and /w/ phonemes. Also, a low degree of contrastiveness was observed for /v/-/w/ in 
Sinhala speakers productions by the raters. I had predicted that the Hindi US productions would 
be better than the Hindi Ind productions. This pattern was not observed, although there was an 
appearance of slight difference in the ratings for /v/ and /w/ in the two groups. The Hindi Ind 
group received higher ratings for /v/ than the Hindi US group. In contrast, /w/ showed higher 
ratings for the Hindi US group as compared to the Hindi Ind group. However, these ratings were 
still rather poor with only 66% for Hindi US and 68% for Hindi Ind of the target /v/ productions 
being rated as belonging to the target category and 46% of Hindi US versus 35% of Hindi Ind of 
target /w/ productions being rated as belonging to the target category. This pattern suggests some 
effect of living in the US, since it led to a higher percentage of target /w/ productions being rated 
as sounding more like /w/ than /v/ for the Hindi US group. The Hindi speakers’ productions of 
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/v/ was rated by the English raters as a mean of 2.84 on the scale of 7 where ‘1’ was a ‘good’ /v/, 
‘2’ was a ‘fair’ /v/ and ‘3’ was a ‘poor’/v/. A mean of 2.84 indicates that for English listeners 
these productions were poor examples of /v/ but sounded more like /v/ than /w/. Hindi speakers’ 
were producing a poor /v/. For /w/, Hindi speakers’ productions of /w/ showed a mean rating of 
3.84 on the scale of 7 where ‘5’ was a poor /w/, ‘6’ was a ‘fair’ /w/ and ‘7’ was a ‘good’ /w/ and 
‘4’ indicated that the production was ambiguous. Thus, Hindi speakers’ productions of /w/ were 
often ambiguous between /v/ and /w/. The results reveal that Hindi speakers’ intended 
productions of both /v/ and /w/ were far from AE /v/ and /w/ models. In addition, it indicates that 
Hindi speakers had particular difficulty producing the /w/ target in a manner that was perceived 
as /w/ or as /v/ by AE raters. However, considering that /v/ and /w/ targets led to different 
judgment patterns, these findings also indicate that Hindi speakers had some access to 
information that led to an attempt to produce two different categories. It is possible that Hindi 
speakers might be mixing place and manner of articulation because their L1 includes the labio-
dental approximant /ʋ/, which is phonetically similar to the two English phonemes. Hindi 
speakers’ /v/ productions might have incorporated the manner of English /w/; thus the English 
raters could not hear it as a completely clear /v/, however, it may have also included the place or 
articulation of an English /v/, allowing them to label it as “poor’ /v/. In contrast, Hindi speakers’ 
/w/ production might have maintained the manner of English /w/ but might have included the 
place of articulation of an English /v/. A complete acoustic analysis of the Hindi speakers’ 
production will be necessary to examine whether these explanations of productions of /v/ and /w/ 
are accurate.  
The Hindi US groups’ production appeared to be slightly affected by the experience in 
the US. The English raters rated the two groups similarly for /v/ (Hindi US groups’ /v/ as a mean 
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of 2.92 on the 7-point rating scale and Hindi Ind groups’ /v/ as 2.75 (mean) on the 7-point scale 
where, 1, 2, 3 were assigned as good, fair and poor /v/ on the scale). English raters rated Hindi 
US productions of /w/ as 4.10 (mean) and Hindi Ind production of /w/ as 3.64 (mean) on the 
scale (where 5, 6, 7 were assigned as poor, fair and good /w/ and 4 was assigned as ambiguous 
on the scale).  In this later case, the Hindi US productions had shifted away from the /v/ end of 
the continuum, suggesting some knowledge that /w/ targets should be produced differently than 
/v/. The results for the modality (written vs. auditory presentation) showed that the Hindi US 
group’s /v/ was rated better for the target words presented in written forms compared to auditory 
presentation but /w/ productions were rated better for auditory presentations compared to written 
presentations. Hindi Ind group’s /v/ were also rated better in the written modality than in 
auditory modality and /w/ was rated better in auditory modality than in written modality. This 
pattern (which did not differ between groups) suggests that the orthographic “v” provided some 
information to what should be produced. The finding of more /w/ judgments from auditorily 
presented stimuli may simply mean that a bias for producing a phone that sounds more like /v/ 
was weaker. It is important to keep in mind that the judgments did not indicate “good” 
productions of /v/ or /w/.  The shift was from /v/-like (but poor) to ambiguous in the case of /w/.  
It appears that the Hindi US groups’ productions indicated that they might be more aware of the 
contrastiveness of /v/ and /w/. However, not to a degree where their productions showed a 
significant difference from the Hindi Ind group. In addition, the English raters rarely rated their 
/v/ and /w/ productions as good productions of /v/ or /w/. these findings are consistent with the 
hypothesis that Hindi speakers’ use of labiodental approximant might be interfering with the 
categorization of /v/ and /w/, and that Hindi speakers might be finding it hard to decide whether 
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they should rely on manner of articulation or place of articulation cues to categorize the two 
sounds.  
It is important to note that Hindi speakers’ (both groups) productions of /w/ were rated 
between a “poor v” and ‘ambiguous” indicating that there is strong need for training Hindi 
speakers to distinguish between /v/ and /w/ in English words and to produce this distinction. Our 
prediction that orthography might aid in the production of /v/ and /w/ for Hindi speakers did not 
prove to be correct. The judgments of production of targets in the written presentation and 
auditory presentation mode were not significantly different. These results are consistent with 
what Iverson et al., (2008) observed in Sinhala speakers. They had reported that Sinhala 
speakers’ productions of /w/ and /v/ targets were observed to be more /v/ like.  
The Hindi speakers’ were also asked to produce /v/ and /w/ in real word minimal pairs 
presented in carrier phrases (e.g. “I say vet now vs. I say wet now”). Including these stimuli 
allowed evaluation of how lexical knowledge influenced production. The judgment of 
productions revealed that both groups still showed non-contrastive production and poor or 
ambiguous exemplars for both categories. The Hindi US group did have an increase in 
judgments of /w/ for /w/ targets, but only for 64% of the trials. The mean rating for /w/ was also 
shifted more towards a “poor” /w/ (and away from ambiguous) as compared to the Hindi Ind 
speakers. /v/ was correctly rated 53% of the times and /w/ was correctly rated 64% of the times. 
However, the Hindi US groups’ /v/’s are rated between poor /v/ and ambiguous. It seems like 
lexicality did make a slight difference but it did not lead to a clear improvement in production. 
Hindi US speakers appear to know that there is difference between “wet and vet” and that is 
represented by the orthography of “wet and vet”, but they could not translate this knowledge into 
accurate production of the two categories. 
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SLM’s hypothesis (H5) states that “the mechanism of equivalence classification might be 
creating a block for the category formation for an L2 sound”. The hypothesis expresses that in 
the case of equivalence classification, a single phonetic category is used to process both L1 and 
L2 sounds. Furthermore, in production there is a resemblance of the L1 and L2 sounds. In this 
case, it can be argued that the use of features of labiodental approximant /ʋ/ for English /v/ and 
/w/ is due to the blocking by the mechanism of equivalence classification. SLM’s hypothesis also 
suggests “the production of a sound eventually corresponds to the properties represented in its 
phonetic category representation.” This hypothesis indicates that listeners first need to represent 
the two categories accurately before producing them. In addition, the slight improvement for the 
real words suggests that this aids in representation.  
4.4. Correlation between Perception and Goodness Rating Scale 
As per SLM’s hypothesis (H5), production will have a positive relationship with 
perception. However, we only found a positive correlation between perception and production 
for /w/ and not for /v/. Performance on the identification of /v/ did not predict production of /v/ 
in Hindi speakers (both groups); however, identification of /w/ by the Hindi speakers and the 
ratings of the Hindi speakers’ productions of /w/ was related. This finding is in agreement with 
the findings from the perception and production analyses alone that /w/ is the more difficult 
phoneme for the Hindi speakers. Contrary to what was predicted, the relationship between 
perception and production of /w/ was greater for the Hindi US than the Hindi Ind group. This 
finding suggests that the Hindi group from India had so little knowledge of /v/ or /w/ that 
production was really at chance (or with a slight bias towards /v/-like perception and production 
for both). In contrast, experience with English in the US did allow for some listeners to begin to 
perceive phonetic cues of /w/ and did lead to more /w/-like productions for /w/ targets. In future 
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studies it will be important to increase the number of participants in each group to better 
understand the relationship between the production and perception. The acoustic data analysis 
will be useful to improve our understanding of this relationship.  
4.5. Significance 
It is relatively very easy for the native speakers of any language to notice the non-
nativeness of the words produced by the non-native speakers/learners of the second language. 
What is really difficult is to understand the ‘why’ behind that non-nativeness and the ‘how’ to 
train the L2 speakers for such difficult speech contrasts. The most important significance of this 
study is that it explored an understudied difficult contrast for Hindi speakers of English, /v-w/. 
This /v-w/ contrast has not been explored in Hindi speakers of English using methods like 
perception and production tasks. The second important significance is that it explored the links 
between the perception and production of this contrast in Hindi speakers of English. It also 
suggested that the exposure to AE was not sufficient to make a significant difference in the 
performance of the Hindi speakers who live in the US and the Hindi speakers who live in India 
and have never lived in the US. It was helpful in guiding us to look at other factors that might be 
more crucial than just the exposure such as the quality of the input of English, frequency of the 
usage of English, motivation and feedback. This study has laid the foundation for designing 
some training studies with this contrast. It will be helpful for the Hindi speakers of English not 
only in terms of training them on this contrast but also creating awareness about the difficulty of 
this contrast to check the input of English for these two sounds while teaching young children in 
India.  
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4.6. Clinical and Pedagogical Implications 
The world we live in at present is becoming a global village where the work force is 
shared from various cultures, languages and or dialects. English is used as a global language and 
thus improving English skills in L2 users of English is important. The findings from the current 
study have demonstrated particular difficulty in perception of /v/ and /w/ for Hindi L1 speakers, 
even in the case that they are highly competent speakers of English in other areas (e.g., 
semantics, syntax).  This discovery suggests that targeting /v/ and /w/ as English phoneme 
categories that need training is an important first step towards designing training tasks to 
improve accent (in productions) and comprehension of lexical items that differ minimally (e.g., 
vale versus whale).  
The results of this study can also be helpful in understanding the challenges children face 
in learning English as second language, particularly if the L1 does not contrast /v/ and /w/. This 
knowledge also has implications for clinical evaluation children who are L2 learners of English 
to determine whether they have articulation and phonological disorders. Specifically, Speech-
Language Pathologists should not interpret errors on English /v/ and /w/ as signs of a disorder 
without first considering a speaker’s first language.  
The ultimate goal of research is to continuously advance our knowledge in a given field 
and fill the gaps in our understanding. Models of nonnative speech perception and second 
language learning have been built and tested on adult naïve listeners and second language 
learners who have learned an L2 fairly late in life (as opposed to bilingual acquisition before 5 
years of age). The current study reveals a different situation.  The case of Hindi speakers of 
English is unique in that Hindi speakers in India hear and speak English from a very early age. In 
this respect, they may be considered as neither second language learners of English, nor as naïve 
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listeners of English. The difficulty with this /v-w/ contrast appears to be due to the input of 
English that they have been hearing (labiodental approximant for words that are distinguished in 
English by /v/ and /w/) since their early childhood. It will be important to further understand how 
the nature of the input in terms of quality and quantity affect L2 speech perception (Best & 
Tyler, 2007).  A focus on this population will allow examination of this question because many 
Hindi speakers receive a great amount of English input, but the quality of this input varies across 
speaker and context. In a future study, it will be possible to examine this in relation to amount of 
input from media (American or British movies) and input from teachers on other interlocutors. In 
addition, it will be interesting to further study how Hindi speakers use the place of articulation 
cue and the manner of articulation cue in the production of /v/ and /w/ and how this relates to 
quality and quantity of input.  
Another unique factor with regards to this Hindi population is the number of languages 
and dialects spoken in India and influence of these other languages and dialects on Hindi and its’ 
phonemes is of interest. This factor leads to high variability and individual differences in the 
data. Findings from this study and more research work on these understudied, difficult contrasts 
will help in expanding our knowledge about individual differences, and about which factors 
influence nonnative speech perception. Future studies need to consider how this variability 
affects perception and production of phonemes in a second language (Best & Tyler, 2007).  
4.7. Limitations of this study 
One limitation of this study is that there was a difference in the two Hindi groups in terms 
of the kind of exposure to English, and a difference the usage of English in daily life. It will be 
important to include a larger number of participants in both groups and/or have greater control 
over factors such as usage and the kind of exposure to English. The second limitation was that 
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the age range selected for this study was constrained by the type of experience Hindi speakers 
were likely to encounter. I decided to not to include participants under the age of 30 years 
because it could the quality of English input they received is likely to be different from the older 
group. A younger age group (e.g., 10-18 years of age) might show differences in the perception 
and production of this English contrast because exposure to American English has increased 
significantly through media, movies and cable TV etc. in the last few years.   
4.8. Future directions 
One future direction will be to undertake a comprehensive acoustic analysis of the 
productions of Hindi speakers and compare these with those of the English speakers’. These 
acoustic measures will deepen our understanding of why Hindi speakers’ productions are not 
perceived as good exemplars of /v/ and /w/ and provide insight on how to design training studies 
for this contrast. I also plan to widen the age range to allow for narrower examinations of sub-
groups in terms of the exposure and usage of English. Further, I plan to design and conduct 
training studies for Hindi speakers using this contrast. The nature of the training study will be 
decided after the results of our acoustic analysis of the Hindi speakers’ productions.  
4.9 Conclusion 
 
The findings from this study have suggested that /v/ and /w/ are phonemes that are 
difficult for Hindi speakers to contrast. The performance of the Hindi US group demonstrates 
that the exposure to American English has not made a big enough difference in this pair of 
speech sounds for them to demonstrate the contrastiveness in a significantly more accurate way 
than the Hindi speakers from India who have never lived in a dominant English-speaking 
country. A complete acoustic analysis will be necessary to provide us with more details about the 
productions of the Hind speakers’ intended /v/ and /w/, but at this point it is evident that 
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systematic training is required for the Hindi speakers to adequately perceive and produce this 
contrast. This information can be very useful to the professionals working with children learning 
English as second language, evaluating articulation and accent reduction. There has been a 
steady increase in the number of the Indian immigrants in the US (US census, 2010) and the 
population of Hindi speakers (who speak English as a second language) in the US has been 
increasing. The information from these perception and production studies can be instrumental in 
designing perceptual training studies that can help in creating resources for the growing number 
of L2 learners of English, especially for the difficult contrasts like /v/ and /w/.  
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Appendices 
 
Table A1. Participants for the English group. 
 
ID Age Gender Group L1 
1 45 Female English English 
3 39 Female English English 
5 33 Female English English 
7 30 Female English English 
9 41 Female English English 
11 39 Female English English 
13 37 Male English English 
15 34 Male English English 
17 33 Male English English 
19 28 Male English English 
21 33 Male English English 
23 37 Male English English 
25 36 Female English English 
27 30 Female English English 
29 30 Male English English 
31 30 Female English English 
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Table A2. Participants for the two Hindi groups. 
 
ID Age Gender Group L1 LOR-US 
2 35 Male HIN US Hindi 10 
4 42 Male HIN US Hindi 19 
6 38 Male HIN US Hindi 13 
8 40 Female HIN US Hindi 20 
10 33 Male HIN US Hindi 15 
12 40 Female HIN US Hindi 9 
14 32 Female HIN US Hindi 5 
16 32 Female HIN US Hindi 9 
18 38 Female HIN US Hindi 11 
20 39 Male HIN US Hindi 12 
22 41 Male HIN US Hindi 19 
24 36 Male HIN US Hindi 9 
26 42 Female HIN US Hindi 17 
28 39 Male HIN US Hindi 10 
30 40 Female HIN US Hindi 11 
32 44 Female HIN US Hindi 13 
58 42 Male HIN IND Hindi 0  
60 43 Female HIN IND Hindi 0  
62 45 Male HIN IND Hindi 0  
64 40 Male HIN IND Hindi 0  
66 43 Male HIN IND Hindi 0  
68 43 Female HIN IND Hindi 0  
70 40 Male HIN IND Hindi 0  
72 37 Female HIN IND Hindi 0  
74 46 Female HIN IND Hindi 0  
76 34 Female HIN IND Hindi 0  
78 37 Female HIN IND Hindi 0  
80 32 Female HIN IND Hindi 0  
82 35 Male HIN IND Hindi 0  
84 37 Male HIN IND Hindi 0  
86 37 Female HIN IND Hindi 0  
88 34 Female HIN IND Hindi 0  
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Table A3. Mean stimuli durations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Word and 
stress 
Total 
duration 
(ms) 
Target 
duration 
(ms) 
Vowel 
duration 
(ms) 
F1 F2 F3 
gavag1a 680 56 205 667 1251 2810 
gavag1b 760 54 223 670 1280 2818 
gavag2a 750 54 224 689 1287 2804 
gavag2b 720 52 267 731 1339 2776 
gawag1a 718 52 195 684 1100 3170 
gawag1b 730 51 198 689 1120 3160 
gawag2a 700 51 203 708 1128 2990 
gawag2b 710 53 190 688 1063 3026 
vagag1a 770 50 152 740 1360 2930 
vagag1b 800 52 148 733 1427 2879 
vagag2a 810 56 76 625 1424 3095 
vagag2b 770 54 68 635 1392 3049 
wagag1a 800 65 128 549 945 3170 
wagag1b 850 62 112 524 983 3270 
wagag2a 770 59 68 537 1043 3168 
wagag2b 750 54 65 548 1064 3151 
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Table A4. Language Background Questionnaire. 
 
Please complete this questionnaire to the best of your knowledge and add any information you 
might feel be relevant. 
1. Date:   ------------------------------ 
2. Name (first, middle and last): -----------------    ----------------------    ----------------------------- 
3. Date of Birth (mm/dd/yr.): ----/-----/---------    4. Age/Gender:  
5. Address: 
6. Telephone:  Cellphone------------------------------- Landline------------------------------------                    
7. Email:  
8. Race/Ethnic Background: 
9. Handedness: 
10. Medical History (Trauma, hearing loss, speech and language difficulties, neurological 
problems, psychiatric problems and ear infections etc.): 
 
 
11. Region/state/city in India (belong to):-------------------------- (lived in, if different) --------------
-------    
12. Lived in India (number of years): 
13. Date of arrival in the U.S:--------------------------- 14. Age of arrival in the U.S.:-----------------
------- 
15. Length of residence in the U.S.: 
16. First Language: 
17. Other language spoken: 
18. Language(s) spoken at home: 
20. Educational background (circle your education): 
• Pre-school 
• Elementary school 
• Middle school 
• High school 
• College 
• Graduate/ professional degree 
• Specific language classes 
21. Occupational History: 
Job Title Dates of employment Language used 
   
   
   
 
 
 
22. Language History: 
Age at which started speaking Hindi:                            English: 
Age at which started reading Hindi:                               English: 
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Age at which started writing in Hindi:                            English: 
In what language do you feel you communicate better? : 
23. For the following questions, check the number that corresponds with the amount of Hindi or 
English that you generally hear from the following individuals. 
Check the number: “1” if you hear Hindi all the time 
“2” if you hear Hindi more than English (1% to 19% English) 
“3” if you hear Hindi with some English (20% - 49%) 
“4” if you hear Hindi as much as English (50%) 
“5” if you hear English usually more than Hindi (1%-19%) 
“6” if you hear English with some Hindi (20%-49%) 
“7” if you hear English all the time (always) 
Try to base your estimate on your exposure to Hindi or English over the last years that you have 
spent in the U.S. 
 1 2 3 4 5 6 7 n/a 
Hear Hindi 
all the 
time 
 
Hindi 
usually 
more 
than 
English 
Hindi 
with 
some 
English 
Hindi as 
much as 
English 
English 
usually 
more 
than 
Hindi 
English 
with 
some 
Hindi 
English 
all the 
time 
 
Parents         
Siblings         
Children         
Spouse         
Grandparents         
Friends         
Community         
Colleagues         
 
24. Using the same scale (as above),please check the number that corresponds with the amount 
of Hindi or English that you use/speak with the following individuals. Try to base your estimate 
on your use of Hindi or English for the years you have been in the U.S. 
 1 2 3 4 5 6 7 n/a 
Speak Hindi 
all the 
time 
 
Hindi 
usually 
more 
than 
English 
Hindi 
with 
some 
English 
Hindi as 
much as 
English 
English 
usually 
more 
than 
Hindi 
English 
with 
some 
Hindi 
English 
all the 
time 
 
Parents         
Siblings         
Children         
Spouse         
Grandparents         
Friends         
Community         
Colleagues         
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25. Please estimate your ability to speak, understand, read and write English, Hindi and any other 
language/s. Check the number “1” if your ability is poor, “7” if your ability is good and numbers 
in between for the ability levels that are in between. 
 English  Hindi  Other 
 1 2 3 4 5 6 7  1 2 3 4 5 6 7  1 2 3 4 5 6 7 
General 
Proficienc
y 
                       
Pronunciat
ion 
                       
Grammar                        
Understan
ding 
                       
Reading                        
Writing                        
 
26. Media: Watch T.V./ movies, Read newspapers in: English/ Hindi/ Both 
 
 
27. Additional comments: 
 
 
 
Table A5. Mean (SD) accuracy on the identification task for the English and two Hindi groups 
for the four consonants. 
 
Consonant English          Hindi US                 Hindi Ind 
b 0.98 0.87           0.88 
 (0.05) (0.19)           (0.18) 
 
f 0.91 0.96           0.88 
 (0.14) (0.07)           (0.23) 
 
v 0.94 0.56           0.65 
 (0.08) (0.26)           (0.28) 
 
w 0.99 0.54           0.50 
 (0.03) (0.32)           (0.31) 
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Table A6. Mean (SD) accuracy on the identification task for the English and Hindi participants 
in initial position. 
 
Consonant 
in Initial 
Position 
English          Hindi US     Hindi Ind 
b 0.96 0.78 0.78 
 (0.06) (0.21) (0.21) 
 
f 0.83 0.92 0.77 
 (0.16) (0.08) (0.29) 
 
v 0.90 0.57 0.61 
 (0.09) (0.26) (0.30) 
 
w 0.99 0.44 0.40 
 (0.05) (0.33) (0.33) 
 
 
 
 
 
Table A7. Mean (SD) accuracy on the identification task for the English and Hindi participants 
in medial position. 
 
Consonant 
in Medial 
Position 
English        Hindi US       Hindi Ind 
b 1.00 0.96 0.98 
 (0.01) (0.09) (0.05) 
 
f 0.99 0.99 0.99 
 (0.02) (0.03) (0.02) 
 
v 0.99 0.55 0.69 
 (0.03) (0.27) (0.26) 
 
w 1.00 0.65 0.60 
 (0.01) (0.29) (0.27) 
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Table A8. Mean accuracy on the identification task for the English and Hindi participants in the 
two stress conditions (target stressed or unstressed). 
 
Consonant 
Stressed/Unstressed 
English          Hindi US         Hindi Ind 
Unstressed    
b 0.98 0.86 0.87 
 (0.05) (0.22) (0.20) 
 
f 0.92 0.96 0.93 
 (0.13) (0.06) (0.15) 
 
v 0.94 0.59 0.70 
 (0.10) (0.23) (0.26) 
 
w 0.99 0.48 0.46 
 (0.05) (0.34) (0.33) 
 
Stressed    
b 0.98 0.88 0.89 
 (0.05) (0.14) (0.17) 
 
f 0.90 0.95 0.84 
 (0.15) (0.07) (0.29) 
 
v 0.94 0.53 0.60 
 (0.06) (0.28) (0.30) 
 
w 1.00 0.61 0.54 
 (0.02) (0.30) (0.30) 
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Table A9. Mean accuracy on the identification task for the English and Hindi participants 
across the two stress and position conditions. 
 
Consonant Stress and Position English        Hindi US           Hindi Ind 
Initial position Unstressed    
b 0.95 0.76 0.75 
 (0.07) (0.28) (0.23) 
f 0.85 0.93 0.85 
 (0.15) (0.06) (0.20) 
v 0.90 0.71 0.77 
 (0.12) (0.15) (0.21) 
w 0.98 0.26 0.21 
 (0.07) (0.25) (0.18) 
Initial position Stressed    
b 0.96 (0.81) 0.81 
 (0.06) (0.13) (0.20) 
f 0.82 0.91 0.69 
 (0.18) (0.08) (0.35) 
v 0.90 0.44 0.45 
 (0.04) (0.27) (0.30) 
w 1.00 0.62 0.60 
 (0.02) (0.31) (0.33) 
Medial position Unstressed    
b 1.00 0.97 0.99 
 (0.02) (0.06) (0.03) 
f 1.00 0.99 1.00 
 (0.02) (0.03) (0.02) 
v 0.98 0.48 0.63 
 (0.04) (0.25) (0.29) 
w 1.00 0.70 0.72 
 (0.00) (0.27) (0.23) 
Medial position Stressed    
b 1.00 0.96 0.97 
 (0.00) (0.11) (0.07) 
f 0.98 0.99 0.99 
 (0.03) (0.02) (0.03) 
v 0.99 0.62 0.75 
 (0.03) (0.27) (0.21) 
w 1.00 0.59 0.49 
 (0.02) (0.30) (0.26) 
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Table A10. Mean (SD) reaction times (RT) on the identification task for the English and Hindi 
participants. 
 
Consonant English     Hindi US    Hindi Ind 
b 404 563 573 
 (118) (174) (239) 
 
f 435 506 471 
 (161) (146) (149) 
 
v 423 789 675 
 (175) (284) (293) 
 
w 396 821 735 
 (129) (416) (311) 
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Table A11. Mean (SD) reaction times (RT) on the identification task for the English and Hindi 
participants across two positions (initial and medial). 
 
Consonant in Initial/Medial 
position  
English           Hindi US           Hindi Ind 
Initial Position    
b 400 559 577 
 (122) (202) (240) 
 
f 457 526 480 
 (162)  (156) (156) 
 
v 378 707 605 
 (128) (261) (202) 
 
w 364 707 682 
 (112) (348) (247) 
Medial Position    
b 409 567 569 
 (115) (144) (242) 
 
f 413 488 463 
 (159) (135) (144) 
 
v 468 870 745 
 (204) (287) (352) 
 
w 429 918 780 
 (137) (448) (354) 
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Table A12. Mean reaction times (RT) on the identification task for the English and Hindi 
participants across two stress conditions. 
 
Consonant Stressed/  
Unstressed 
English           Hindi US       Hindi Ind 
Unstressed    
b 431 570 547 
 (127) (171) (195) 
 
f 436 490 472 
 (143) (139) (145) 
 
v 442 776 693 
 (156) (307) (312) 
 
w 417 860 739 
 (134) (418) (238) 
Stressed    
b 378 557 599 
 (103) (180) (278) 
 
f 435 523 470 
 (180) (153) (155) 
 
v 403 802 657 
 (192) (262) (278) 
 
w 376 786 732 
 (122) (418) (373) 
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Table A13. Mean reaction times (RT) on the identification task for the English and Hindi 
participants across two stress and position conditions. 
 
Consonant Stress 
and Position 
English Hindi US Hindi Ind 
Initial Position 
Unstressed 
   
b 427 594 560 
 (145) (203) (222) 
 
f 438 496 491 
 (121) (157) (152) 
 
v 414 650 577 
 (135) (241) (232) 
 
w 381 761 763 
 (132) (390) (299) 
Initial Position 
Stressed 
   
b 373 524 593 
 (91.5) (202) (264) 
 
f 476 555 468 
 (198) (154) (164) 
 
v 341 768 635 
 (112) (275) (168) 
 
w 347 663 607 
 (89.9) (317) (165) 
Medial Position 
Unstressed 
   
b 434 545 534 
 (112) (135) (170) 
 
f 433 484 454 
 (166) (124) (139) 
 
v 470 902 817 
 (175) (321) (345) 
 
w 452 934 719 
 (129) (434) (182) 
Medial Position    
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Stressed 
b 383 590 604 
 (116) (154) (300) 
 
f 393 492 473 
 (155) (150) (153) 
 
v 465 836 677 
 (236) (252) (356) 
 
w 405 901 841 
 (145) (475) (466) 
 
 
 
 
 
 
Table A14. Mean accuracy on the discrimination task for the English and Hindi participants. 
 
Consonant Pair English Hindi US Hindi Ind 
bv 0.94 0.93 0.93 
 (0.06) (0.09) (0.07) 
 
bw 0.98 0.96 0.96 
 (0.04) (0.07) (0.06) 
 
fv 0.93 0.95 0.95 
 (0.08) (0.07) (0.06) 
 
fw 0.99 0.98 0.97 
 (0.03) (0.04) (0.06) 
 
vw 0.97 0.80 0.77 
 (0.04) (0.13) (0.14) 
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Table A15. Mean accuracy on the discrimination task for the English and Hindi participants in 
the two target positions. 
 
Consonant Pair English Hindi US Hindi Ind 
Initial Position    
bv 0.91 0.88 0.90 
 (0.06) (0.09) (0.08) 
 
bw 0.98 0.94 0.95 
 (0.05) (0.09) (0.08) 
 
fv 0.88 0.91 0.92 
 (0.08) (0.08) (0.08) 
 
fw 0.99 0.96 0.96 
 (0.03) (0.05) (0.08) 
 
vw 0.96 0.70 0.68 
 (0.06) (0.10) (0.10) 
Medial Position    
bv 0.97 0.97 0.97 
 (0.05) (0.06) (0.05) 
 
bw 0.99 0.98 0.97 
 (0.03) (0.04) (0.04) 
 
fv 0.97 0.99 0.98 
 (0.05) (0.02) (0.03) 
 
fw 0.99 0.99 0.98 
 (0.03) (0.02) (0.03) 
 
vw 0.99 0.89 0.85 
 (0.02) (0.08) (0.11) 
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Table A16. Mean accuracy on the discrimination task for the English and Hindi participants in 
the two stress conditions. 
 
Consonant Pair English Hindi US Hindi 
Ind 
Unstressed    
bv 0.95 0.91 0.92 
 (0.06) (0.10) (0.08) 
 
bw 0.98 0.95 0.95 
 (0.04) (0.09) (0.08) 
 
fv 0.93 0.93 0.94 
 (0.08) (0.08) (0.07) 
 
fw 0.99 0.98 0.99 
 (0.02) (0.05) (0.03) 
 
vw 0.97 0.80 0.77 
 (0.05) (0.13) (0.12) 
Stressed    
bv (0.94 0.94 0.94 
 (0.06) (0.07) (0.06) 
 
bw 0.98 0.97 0.97 
 (0.04) (0.04) (0.04) 
 
fv 0.92 0.96 0.97 
 (0.08) (0.06) (0.05) 
 
fw 0.99 0.98 0.95 
 (0.03) (0.04) (0.08) 
 
vw 0.98 0.80 0.76 
 (0.04) (0.13) (0.15) 
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Table A17. Mean accuracy on the discrimination task for the English and Hindi participants 
across the two stress and position conditions. 
 
Consonant Pair English Hindi US Hindi Ind 
Initial Position Unstressed    
bv 0.92 0.85 0.87 
 (0.07) (0.10) (0.08) 
 
bw 0.98 0.91 0.93 
 (0.05) (0.11) (0.10) 
 
fv 0.89 0.88 0.90 
 (0.08) (0.08) (0.08) 
 
fw 0.98 0.96 0.98 
 (0.03) (0.06) (0.04) 
 
vw 0.96 0.70 0.68 
 (0.07) (0.09) (0.08) 
Initial Position Stressed    
bv 0.90 0.92 0.92 
 (0.04) (0.07) (0.06) 
 
bw 0.97 0.97 0.97 
 (0.05) (0.05) (0.05) 
 
fv 0.87 0.94 0.95 
 (0.08) (0.08) (0.06) 
 
fw 0.99 0.96 0.93 
 (0.03) (0.06) (0.10) 
 
vw 0.96 0.71 0.68 
 (0.04) (0.12) (0.12) 
Medial Position Unstressed    
bv 0.98 0.97 0.97 
 (0.05) (0.06) (0.04) 
 
bw 0.99 0.98 0.97 
 (0.02) (0.04) (0.05) 
 
fv 0.98 0.99 0.98 
 (0.04) (0.02) (0.03) 
fw 0.99 0.99 0.99 
 (0.02) (0.03) (0.02) 
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vw 0.99 0.90 0.87 
 (0.02) (0.08) (0.07) 
Medial Position Stressed    
bv 0.97 0.97 0.96 
 (0.06) (0.06) (0.06) 
 
bw 0.98 0.98 0.97 
 (0.04) (0.04) (0.04) 
 
fv 0.97 0.98 0.98 
 (0.06) (0.03) (0.03) 
 
fw 0.99 0.99 0.98 
 (0.03) (0.02) (0.04) 
 
vw 0.99 0.89 0.84 
 (0.02) (0.07) (0.13) 
 
 
 
Table A18. Mean reaction times (RT) on the discrimination task for the English and Hindi 
participants. 
 
Consonant Pair English Hindi US Hindi Ind 
bv 460 516 530 
 (210) (168) (209) 
 
bw 461 508 522 
 (223) (171) (232) 
 
fv 530 512 549 
 (268) (144) (214) 
 
fw 460 489 507 
 (220) (154) (193) 
 
vw 467 698 737 
 (215) (276) (320) 
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Table A19. Mean reaction times (RT) on the discrimination task for the English and Hindi 
participants across two positions. 
 
Consonant Pair English Hindi US Hindi Ind 
Initial Position    
bv 485 558 555 
 (229) (184) (208) 
 
bw 461 518 521 
 (221) (183) (219) 
 
fv 594 543 584 
 (285) (152) (212) 
 
fw 483 495 521 
 (250) (151) (211) 
 
vw 480 771 816 
 (214) (315) (327) 
Medial Position    
bv 436 473 504 
 (190) (142) (210) 
 
bw 461 498 523 
 (229) (161) (248) 
 
fv 467 480 513 
 (238) (130) (213) 
 
fw 436 484 493 
 (185) (160) (175) 
 
vw 454 626 658 
 (218) (211) (297) 
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Table A20. Mean reaction times (RT) on the discrimination task for the English and Hindi 
participants across two stress conditions. 
 
Consonant Pair English Hindi US Hindi Ind 
 Unstressed    
bv 505 530 557 
 (241) (157) (207) 
 
bw 467 514 513 
 (255) (171) (248) 
 
fv 535 502 535 
 (296) (143) (187) 
 
fw 431 494 500 
 (196) (152) (173) 
 
vw 462 708 734 
 (232) (260) (290) 
 Stressed    
bv 416 501 502 
 (166) (181) (211) 
 
bw 456 502 531 
 (190) (174) (218) 
 
fv 526 521 562 
 (242) (146) (239) 
 
fw 488 484 514 
 (241) (159) (213) 
 
vw 471 689 741 
 (200) (295) (351) 
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Table A21. Mean reaction times (RT) on the discrimination task for the English and Hindi 
groups across two stress and position conditions. 
 
Consonant Pair English Hindi US Hindi Ind 
Initial Position Unstressed    
bv 508 572 572 
 (275) (150) (215) 
 
bw 430 513 481 
 (213) (172) (243) 
 
fv 589 510 541 
 (329) (161) (196) 
 
fw 409 452 470 
 (180) (136) (178) 
 
vw 460 720 761 
 (221) (299) (310) 
Initial Position Stressed    
bv 463 545 539 
 (177) (216) (206) 
 
bw 493 523 561 
 (231) (198) (191) 
 
fv 600 577 627 
 (244) (139) (223) 
 
fw 558 538 573 
 (292) (156) (233) 
 
vw 500 821 870 
 (212) (332) (343) 
Medial Position Unstressed    
bv 502 489 542 
 (210) (157) (205) 
 
bw 504 515 544 
 (293) (175) (257) 
 
fv 482 495 529 
 (259) (128) (184) 
 
fw 454 537 531 
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 (214) (159) (169) 
 
vw 464 697 706 
 (250) (223) (276) 
 
Medial Position Stressed    
bv 370 457 465 
 (146) (129) (215) 
 
bw 419 481 502 
 (136) (149) (245) 
 
fv 452 465 497 
 (223) (135) (244) 
 
fw 417 431 456 
 (156) (147) (178) 
 
vw 443 556 611 
 (190) (178) (318) 
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Table A22. Summary of mixed-effects logistic regression for the accuracy for the 
identification task (fixed-effects). Coefficients reflect performance relative to /b/ in initial 
unstressed position for the English group. 
 
 
 
Accuracy Coefficient SE z P>|z| [95% CI] 
Group       
Hindi US -1.73 0.30 -5.74 0.00 [-2.32 -1.13] 
Hindi Ind -1.62 0.30 -5.38 0.00 [-2.21 -1.03] 
Consonant       
f -1.08 0.26 -4.18 0.00 [-1.59 -0.57] 
v -0.60 0.26 -2.28 0.02 [-1.12 -0.08] 
w 1.36 0.46 2.93 0.00 [0.45 2.28] 
Position 3.83 0.36 10.4 0.00 [3.11 4.55] 
stress       
stressed 0.48 0.21 2.26 0.02 [0.06 0.90] 
Group by Consonant       
Hindi US × f 2.76 0.31 8.90 0.00 [2.15 3.37] 
Hindi US × v -0.24 0.28 -0.85 0.39 [-0.80 0.31] 
Hindi US × w -3.05 0.48 -6.35 0.00 [-3.99 -2.11] 
Hindi Ind × f 1.52 0.28 5.34 0.00 [0.96 2.08] 
Hindi Ind × v -0.01 0.28 -0.06 0.95 [-0.58 0.54] 
Hindi Ind × w -3.40 0.48 -7.07 0.00 [-4.34 -2.45] 
Group by Position       
Hindi US × medial 
position 
-1.54 0.31 -4.92 0.00 [-2.16 -0.93] 
Hindi Ind × medial 
position  
-1.24 0.31 -3.97 0.00 [-1.86 -0.63] 
Group by Stress       
Hindi US × target stressed -0.16 0.19 -0.81 0.41 [-0.54 0.22] 
Hindi Ind × target stressed -0.36 0.19 -1.92 0.05 [-0.74 0.00] 
Consonant by Position       
f in medial position 0.55 0.35 1.54 0.12 [-0.14 1.25] 
v in medial position -2.12 0.22 -9.63 0.00 [-2.55 -1.69] 
w in medial position -1.41 0.22 -6.38 0.00 [-1.84 -0.97] 
Consonant by Stress       
f stressed -0.87 0.20 -4.25 0.00 [-1.27 -0.47] 
v stressed -0.43 0.16 -2.63 0.00 [-0.76 -0.11] 
w stressed 0.37 0.17 2.21 0.02 [0.04 0.71] 
Position by Stress       
Medial position target 
stressed 
-0.28 0.12 -2.35 0.01 [-0.52 -0.04] 
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Table A23. Post Hoc Analysis (Identification Task) 
 
  
Table 1. Group differences-identification accuracy. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
Hindi-US ˗ English -2.71 0.25 -10.7 0.00 [-3.21 -2.22] 
Hindi-Ind ˗ English -2.90 0.25 -11.5 0.00 [-3.39 -2.41] 
Hindi-Ind ˗ Hindi-US -0.18 0.18 -1.00 0.31 [-0.55 0.17] 
 
 
Table 2. Group by Consonant-identification accuracy. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
Hindi US v - English v -2.83 0.25 -11.52 0.00 [-3.31 -2.35] 
Hindi Ind v - English v -2.45 0.25 -9.94 0.00 [-2.93 -1.96] 
Hindi US w ˗ English  w -5.64 0.47 -11.98 0.00 [-6.56 -4.71] 
Hindi Ind w ˗ English  w -5.83 0.47 -12.39 0.00 [-6.75 -4.91] 
Hindi Ind v ˗ Hindi US  v 0.38 0.19 1.95 0.05 [0.00 0.76] 
Hindi Ind w ˗ Hindi US  w -0.19 0.19 -0.99 0.32 [-0.57 0.19] 
 
 
Table 3. Consonant by Position-identification accuracy. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
 v Medial position - v Initial 
position   
0.64 0.12 5.28 0.00 [0.40 0.88] 
 w Medial position - w Initial 
position   
1.35 0.14 9.79 0.00 [1.08 1.62] 
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Table 4. Group by Position. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
Hindi US Initial Position - 
English Initial Position 
-1.94 0.22 -8.77 0.00 [-2.37 -1.50] 
Hindi Ind Initial Position - 
English Initial Position 
-2.28 0.22 -10.39 0.00 [-2.71 -1.84] 
Hindi US Medial Position - 
English Medial Position 
-3.49 0.36 -9.76 0.00 [-4.1 -2.78] 
Hindi Ind Medial Position - 
English Medial Position 
-3.53 0.36 -9.90 0.00 [-4.22 -2.82] 
Hindi Ind Initial Position - 
Hindi US Initial Position 
-0.34 0.19 -1.79 0.07 [-0.70 0.03] 
Hindi Ind Medial Position - 
Hindi US Medial Position 
-0.04 0.20 -0.17 0.86 [-0.43 0.36] 
 
 
Table 5. Group by Stress. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
English Stressed - English Unstressed 0.11 0.17 0.63 0.53 [-0.23 0.45] 
Hindi US Unstressed - English 
Unstressed 
-2.64 0.27 -9.78 0.00 [-3.17 -2.11] 
Hindi Ind Unstressed - English 
Unstressed 
-2.72 0.27 -10.17 0.00 [-3.24 -2.19] 
Hindi US  Stressed - English  Stressed -2.80 0.27 -10.27 0.00 [-3.33 -2.26] 
Hindi Ind Stressed - English Stressed -3.09 0.27 -11.46 0.00 [-3.62 -2.56] 
Hindi US Stressed – Hindi US 
Unstressed 
-0.05 0.09 -0.55 0.58 [-0.23 0.13] 
Hindi In Unstressed – Hindi US 
Unstressed 
-0.08 0.20 -0.42 0.68 [-0.46 0.30] 
Hindi Ind Stressed – Hindi US Stressed -0.29 0.19 -1.50 0.13 [-0.67 0.09] 
Hindi Ind Stressed – Hindi Ind 
Unstressed 
-0.26 0.09 -2.96 0.00 [-0.43 -0.09] 
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Table 6. Consonant by Stress. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
 v Stressed  - v Unstressed   -.27 -0.09 -2.74 0.01 [-.46 -.07] 
 w Stressed  - w Unstressed   .54 0.11 4.91 0.00 [.32 .76] 
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Table A24. Summary of mixed-effects linear regression for the reaction time (RT) for the 
identification task (fixed-effects).Coefficients reflect the performance relative to /b/ in initial 
unstressed position for the English group. 
 
Reaction Time Coefficient SE z P>|z| [95% CI]  
 Hindi US 2.48 1.04 2.38 0.02 [0.44 4.51] 
 Hindi Ind 2.73 1.04 2.62 0.01 [0.69 4.77] 
Consonant       
 f 0.61 0.41 1.47 0.14 [-0.20 1.42] 
 v -0.94 0.42 -2.26 0.02 [-1.76 -0.13] 
 w -1.21 0.43 -2.81 0.01 [-2.06 -0.37] 
 Position -0.19 0.35 -0.56 0.58 [-0.88 0.49] 
 stress       
 stressed -1.03 0.35 -2.93 0.00 [-1.71 -0.34] 
 Group by 
Consonant 
      
 Hindi US × f -1.67 0.45 -3.71 0.00 [-2.55 -0.79] 
 Hindi US × v 3.00 0.49 6.19 0.00 [2.05 3.95] 
Hindi US × w 3.46 0.49 7.10 0.00 [2.50 4.42] 
Hindi Ind × f -2.48 0.45 -5.45 0.00 [-3.37 -1.58] 
Hindi Ind × v 1.20 0.47 2.53 0.01 [0.27 2.12] 
Hindi Ind × w 2.43 0.50 4.90 0.00 [1.46 3.40] 
Group by Position       
Hindi US × Medial 
position 
0.69 0.34 2.03 0.04 [0.02 1.36] 
Hindi Ind × Medial 
position 
0.44 0.34 1.29 0.20 [-0.23 1.11] 
Group  by Stress       
Hindi US × target 
stressed 
0.79 0.34 2.32 0.02 [0.12 1.45] 
Hindi Ind × target 
stressed 
0.54 0.34 1.58 0.11 [-0.13 1.20] 
Consonant by 
Position 
      
f Medial Position -0.58 0.37 -1.55 0.12 [-1.31 0.15] 
v Medial Position 2.39 0.40 6.02 0.00 [1.61 3.17] 
w Medial Position 2.21 0.41 5.40 0.00 [1.41 3.01] 
Consonant by Stress       
f stressed 0.23 0.37 0.63 0.53 [-0.49 0.96] 
v stressed -0.02 0.40 -0.06 0.96 [-0.80 0.75] 
w stressed -0.34 0.41 -0.85 0.40 [-1.14 0.45] 
Position by Stress       
Medial position by 
stress 
0.13 0.28 0.46 0.65 [-0.42 0.68] 
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Table A25. Post Hoc Analysis (RT) 
 
 
Table 1 Group differences (RT). 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
Hindi US vs English 4.41 0.97 4.53 0.00 [2.50 6.32] 
Hindi Ind vs English 3.50 0.97 3.59 0.00 [1.59 5.41] 
Hindi Ind vs Hindi US -0.91 0.98 -0.93 0.35 [-2.83 1.00] 
 
 
Table 2 Group by Consonant (RT). 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
Hindi US v - English v 6.22 1.03 6.06 0.00 [4.21 8.23] 
Hindi Ind v - English v 4.41 1.02 4.32 0.00 [2.41 6.41] 
Hindi US w - English w 6.67 1.03 6.49 0.00 [4.66 8.69] 
Hindi Ind w - English w 5.64 1.03 5.47 0.00 [3.62 7.66] 
Hindi Ind v - Hindi US v -1.81 1.04 -1.74 0.08 [-3.84 0.23] 
Hindi Ind w - Hindi US w -1.03 1.05 -0.98 0.33 [-3.09 1.03] 
 
 
Table 3 Group by Position (RT). 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
Hindi US Initial Position - 
English Initial Position 
4.07 0.99 4.10 0.00 [2.12 6.01] 
Hindi Ind Initial Position - 
English Initial Position 
3.28 0.99 3.31 0.00 [1.34 5.23] 
Hindi US Medial Position - 
English Medial Position 
4.76 0.99 4.82 0.00 [2.82 6.69] 
Hindi Ind Medial Position - 
English Medial Position 
3.72 0.99 3.77 0.00 [1.79 5.65] 
Hindi Ind Initial Position - 
Hindi US Initial Position 
-0.78 1.00 -0.79 0.43 [-2.74 1.17] 
Hindi Ind Medial Position - 
Hindi US Medial Position 
-1.04 0.99 -1.05 0.30 [-2.98 0.90] 
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Table 4 Group by Stress (RT). 
 
Reaction time Contrast SE z P>|z| [95% CI]  
Hindi US Unstressed - English  
Unstressed 
4.02 0.99 4.06 0.00 [2.08 5.96] 
Hindi Ind Unstressed - English  
Unstressed 
3.23 0.99 3.27 0.00 [1.29 5.17] 
Hindi US Stressed - English  
stressed 
4.81 0.99 4.86 0.00 [2.87 6.74] 
Hindi Ind Stressed - English  
stressed 
3.77 0.99 3.81 0.00 [1.83 5.71] 
Hindi Ind Unstressed - Hindi US 
stressed 
-0.58 0.99 -0.58 0.56 [-2.53 1.37] 
Hindi Ind Stressed - Hindi US 
Stressed 
Hindi Ind Unstressed - Hindi Ind 
Stressed 
Hindi US Unstressed - Hindi US 
Stressed 
English Unstressed- English 
Stressed 
  
-1.03 
 
-0.45 
 
-0.20 
 
-0.99 
0.99 
 
0.25 
 
0.25 
 
0.22 
-1.04 
 
-1.76 
 
-0.81 
 
-4.52 
0.30 
 
0.07 
 
0.41 
 
0.00 
[-2.98 
 
[-0.96     
 
[-0.71            
 
[-1.42 
0.91] 
 
0.50] 
 
0.29] 
 
-0.56] 
 
 
Table 5. Consonant by Position (RT) 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
 v Medial position  - v Initial 
position   
2.64 0.29 8.86 0.00 [2.05 3.22] 
 w Medial position  - w Initial 
position   
2.45 0.31 7.77 0.00 [1.83 3.07] 
 
 
Table 6. Consonant by Stress (RT) 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
 v Unstressed  - v Stressed   -0.54 0.29 -1.82 0.07 [-1.12 0.04] 
 w Unstressed  - w Stressed   -0.86 0.31 -2.76 0.01 [-1.47 -0.25] 
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Table 7. Position by Stress (RT). 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
Initial position × Stressed- 
Initial position × Unstressed  
-0.61 0.21 -2.93 0.01 [-1.03 -0.20] 
Medial position × Stressed- 
Medial position × Unstressed   
-0.48 0.19 -2.56 0.01 [-0.86 -0.11] 
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Table A26. Summary of the mixed-effects logistic regression for the accuracy results for the 
discrimination task (fixed-effects).Coefficients reflect performance relative to /b/- /v/ pair 
discrimination in initial, unstressed position for the English group. 
 
Accuracy Coefficient SE z P>|z| [95% CI]  
Hindi US -0.51 0.25 -2.04 0.04 [-1.00 -0.02] 
Hindi Ind -0.29 0.25 -1.14 0.25 [-0.78 0.21] 
Consonant Pair       
bw 1.33 0.31 4.32 0.00 [0.72 1.93] 
fv -0.36 0.22 -1.63 0.10 [-0.79 0.07] 
fw 2.16 0.37 5.76 0.00 [1.43 2.90] 
vw 1.07 0.22 4.87 0.00 [0.64 1.51] 
Position 1.38 0.23 5.94 0.00 [0.92 1.83] 
Stress       
stressed 0.05 0.19 0.29 0.78 [-0.32 0.43] 
Group by Pair       
Hindi US × bw -0.60 0.34 -1.77 0.08 [-1.26 0.06] 
Hindi US × fv 0.65 0.26 2.45 0.01 [0.13 1.17] 
Hindi US × fw -0.51 0.39 -1.29 0.20 [-1.28 0.26] 
Hindi US × vw -2.12 0.24 -8.88 0.00 [-2.59 -1.65] 
Hindi Ind × bw -0.71 0.34 -2.12 0.03 [-1.37 -0.05] 
Hindi Ind × fv 0.64 0.27 2.40 0.02 [0.12 1.17] 
Hindi Ind × fw -0.78 0.39 -2.01 0.04 [-1.53 -0.02] 
Hindi Ind × vw -2.36 0.24 -9.89 0.00 [-2.83 -1.90] 
Group by Position       
Hindi US Medial 
position 
0.29 0.21 1.43 0.15 [-0.11 0.69] 
Hindi Ind Medial 
position 
0.00 0.20 -0.01 0.99 [-0.40 0.39] 
Group by Stress       
Hindi US target stressed 0.41 0.18 2.30 0.02 [0.06 0.76] 
Hindi Ind target stressed 0.30 0.18 1.67 0.09 [-0.05 0.64] 
Consonant pair by 
position 
      
bw Medial position -0.58 0.28 -2.09 0.04 [-1.12 -0.04] 
fv Medial position 0.35 0.27 1.31 0.19 [-0.17 0.88] 
fw Medial position -0.26 0.33 -0.80 0.42 [-0.90 0.38] 
vw Medial position -0.19 0.20 -0.97 0.33 [-0.59 0.20] 
Consonant Pair by 
Stress 
      
bw target stressed 0.15 0.25 0.61 0.54 [-0.34 0.65] 
fv target stressed 0.06 0.22 0.30 0.77 [-0.37 0.49] 
fw target stressed -0.77 0.30 -2.60 0.01 [-1.35 -0.19] 
vw target stressed -0.28 0.17 -1.65 0.10 [-0.62 0.05] 
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Position by Stress       
Medial position target 
stressed 
-0.33 0.13 -2.51 0.01 [-0.58 -0.07] 
 
 
Table A27. Post Hoc Analysis (Discrimination Task) 
 
Table 1. Group differences. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
Hindi US - English -0.68 0.18 -3.66 0.00 [-1.04 -0.31] 
Hindi Ind - English -0.78 0.18 -4.29 0.00 [-1.14 -0.42] 
Hindi Ind - Hindi US -0.11 0.17 -0.63 0.53 [-0.44 0.23] 
 
 
Table 2. Group by Consonant Pair. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
 Hindi US bv  -  English  bv  -0.16 0.24 -0.67 0.51 [-0.63 0.31] 
 Hindi Ind bv  -  English  bv  -0.14 0.24 -0.59 0.56 [-0.61 0.33] 
 Hindi US bw  -  English  bw  -0.76 0.32 -2.39 0.02 [-1.38 -0.14] 
 Hindi US fv  -  English  fv  0.49 0.25 2.00 0.05 [0.01 0.97] 
 Hindi Ind fv  -  English  fv  0.50 0.25 2.04 0.04 [0.02 0.98] 
 Hindi US vw  -  English  vw  -2.28 0.21 -10.73 0.00 [-2.70 -1.86] 
 Hindi Ind vw  -  English  vw  -2.50 0.21 -11.87 0.00 [-2.92 -2.09] 
 Hindi Ind vw  -  Hindi US vw  -0.22 0.16 -1.37 0.17 [-0.54 0.10] 
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Table 3. Group by Position. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
Hindi US Initial Position - 
English Initial Position   
-0.82 0.19 -4.44 0.00 [-1.18 -0.46] 
Hindi Ind Initial Position - 
English Initial Position   
-0.78 0.19 -4.22 0.00 [-1.14 -0.42] 
Hindi US Medial Position - 
English Medial Position   
-0.53 0.23 -2.26 0.02 [-0.99 -0.07] 
Hindi Ind Medial Position - 
English Medial Position   
-0.78 0.23 -3.42 0.00 [-1.23 -0.34] 
Hindi Ind Initial Position - 
Hindi US Initial Position   
0.04 0.17 0.24 0.81 [-0.29 0.38] 
Hindi Ind Medial Position - 
Hindi US Medial Position  
Hindi Ind Initial Position - 
Hindi Ind Medial Position  
Hindi US Initial Position - 
Hindi US Medial Position 
English Initial Position - 
English Medial Position 
-0.25 
 
1.07 
 
1.36 
 
1.07 
0.20 
 
0.11 
 
0.12 
 
0.16 
-1.29 
 
 9.01 
 
10.75 
 
6.36 
0.20 
 
0.00 
 
0.00 
 
0.00 
[-0.64 
 
[0.84 
 
[1.11 
 
[0.74 
0.13] 
 
1.30] 
 
1.61] 
 
1.40] 
 
 
Table 4. Group by Stress. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
Hindi US Unstressed - English 
Unstressed  
-0.88 0.21 -4.23 0.00 [-1.29 -0.47] 
Hindi Ind Unstressed - English 
Unstressed  
-0.93 0.21 -4.51 0.00 [-1.34 -0.53] 
Hindi US Stressed - English 
Stressed  
-0.47 0.20 -2.34 0.02 [-0.87 -0.08] 
Hindi Ind Stressed - English 
Stressed  
-0.63 0.20 -3.19 0.00 [-1.02 -0.24] 
Hindi US Stressed - Hindi US  
Unstressed  
0.13 0.12 1.16 0.25 [-0.09 0.36] 
Hindi Ind Unstressed - Hindi 
US  Unstressed  
-0.05 0.18 -0.28 0.78 [-0.41 0.31] 
Hindi Ind Stressed - Hindi US  
Stressed  
-0.16 0.18 -0.89 0.37 [-0.52 0.19] 
Hindi Ind Stressed - Hindi Ind  
Unstressed  
English Unstressed - English 
Stressed 
0.02 
 
-0.27 
0.11 
 
0.15 
0.19 
 
-1.80 
0.85 
 
0.07 
[-0.20 
 
[-0.57 
0.24] 
 
0.02] 
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Table 5. Position by Stress. 
 
Accuracy Contrast SE z P>|z| [95% CI]  
Initial position × Stressed- 
Initial position × Unstressed  
0.12 0.08 1.38 0.16 [-0.05 0.29] 
Medial position × Stressed- 
Medial position × Unstressed   
-0.20 0.12 -1.62 0.10 [-0.44 0.04] 
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Table A28. Summary of mixed-effects linear regression for the reaction time (RT) for the 
discrimination task (fixed-effects). Coefficients reflect the performance relative to /b/-/v/ 
pair in initial unstressed position for the English group. 
 
Reaction Time Coefficient SE z P>|z| [95% CI]  
Group       
Hindi US 1.59 1.22 1.31 0.19 [-0.79 3.98] 
Hindi Ind 1.78 1.21 1.47 0.14 [-0.60 4.16] 
Consonant Pair       
bw -1.02 0.46 -2.24 0.03 [-1.92 -0.13] 
fv 0.79 0.46 1.71 0.09 [-0.12 1.70] 
fw -1.05 0.45 -2.33 0.02 [-1.94 -0.17] 
vw 0.01 0.40 0.03 0.98 [-0.78 0.80] 
Position 0.44 0.36 1.21 0.23 [-0.27 1.14] 
Stress       
stressed 0.45 0.36 1.25 0.21 [-0.25 1.15] 
Group by Pair       
Hindi US × bw -0.28 0.50 -0.56 0.58 [-1.26 0.70] 
Hindi US × fv -1.39 0.51 -2.75 0.01 [-2.39 -0.40] 
Hindi US × fw -0.61 0.50 -1.24 0.22 [-1.58 0.36] 
Hindi US × vw 2.87 0.45 6.39 0.00 [1.99 3.75] 
Hindi Ind × bw 0.01 0.50 0.03 0.98 [-0.96 0.99] 
Hindi Ind × fv -0.76 0.50 -1.51 0.13 [-1.74 0.23] 
Hindi Ind × fw -0.27 0.49 -0.54 0.59 [-1.24 0.70] 
Hindi Ind × vw 3.43 0.44 7.73 0.00 [2.56 4.30] 
Group by Position       
Hindi US × Medial Position -0.38 0.29 -1.31 0.19 [-0.95 0.19] 
Hindi Ind × Medial Position -0.40 0.29 -1.36 0.17 [-0.97 0.17] 
Group by stress       
Hindi US × target stressed -0.34 0.29 -1.18 0.24 [-0.92 0.23] 
Hindi Ind × target stressed -0.02 0.29 -0.07 0.94 [-0.59 0.55] 
Pair by Position       
bw × Medial position 0.80 0.41 1.95 0.05 [0.00 1.60] 
fv × Medial position -0.31 0.41 -0.75 0.45 [-1.12 0.50] 
fw × Medial position 0.53 0.40 1.31 0.19 [-0.26 1.32] 
vw × Medial position -0.75 0.37 -2.04 0.04 [-1.47 -0.03] 
Pair by Stress       
bw × target stressed 1.17 0.41 2.87 0.00 [0.37 1.97] 
fv × target stressed 1.00 0.41 2.43 0.02 [0.19 1.81] 
fw × target stressed 1.36 0.40 3.36 0.00 [0.57 2.15] 
vw × target stressed 1.03 0.37 2.81 0.01 [0.31 1.75] 
Position by Stress       
Medial Position × target 
stressed 
-2.49 0.23 -10.4 0 [-2.96 -2.02] 
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Table A29. Post Hoc Analysis (RT) 
 
Table 1. Group differences. 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
Hindi US - English 1.35 1.15 1.17 0.24 [-0.91 3.60] 
Hindi Ind - English 2.05 1.15 1.78 0.07 [-0.20 4.31] 
Hindi In- Hindi US 0.71 1.15 0.61 0.54 [-1.55 2.96] 
 
 
Table 2. Group by Consonant Pair. 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
Hindi US bv -  English bv 1.23 1.20 1.03 0.30 [-1.12 3.58] 
Hindi Ind bv -  English bv 1.57 1.20 1.31 0.19 [-0.77 3.92] 
Hindi US bw -  English bw 0.95 1.19 0.80 0.43 [-1.39 3.29] 
Hindi Ind bw -  English bw 1.58 1.19 1.33 0.18 [-0.75 3.92] 
Hindi US vw -  English vw 4.10 1.17 3.50 0.00 [1.81 6.40] 
Hindi Ind vw -  English vw 5.00 1.17 4.26 0.00 [2.70 7.29] 
Hindi Ind vw -  Hindi US vw 0.89 1.18 0.76 0.45 [-1.41 3.20] 
 
 
Table 3. Group by Position. 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
English Medial Position - English Initial 
Position  
-0.76 0.21 -3.70 0.00 [-1.16 -0.36] 
Hindi US Initial Position - English 
Initial Position  
1.54 1.16 1.32 0.19 [-0.74 3.81] 
Hindi Ind Initial Position - English 
Initial Position  
2.25 1.16 1.94 0.05 [-0.02 4.53] 
Hindi US Medial Position - English 
Medial Position  
1.16 1.16 1.00 0.32 [-1.12 3.43] 
Hindi Ind Medial Position - English 
Medial Position  
1.85 1.16 1.60 0.11 [-0.42 4.13] 
Hindi US Medial Position - Hindi US 
Initial Position  
-1.14 0.21 -5.38 0.00 [-1.55 -0.72] 
Hindi Ind Initial Position - Hindi US 
Initial Position  
0.71 1.16 0.61 0.54 [-1.56 2.99] 
Hindi Ind Medial Position - Hindi US 
Medial Position  
0.70 1.16 0.60 0.55 [-1.58 2.97] 
Hindi Ind Medial Position - Hindi Ind 
Initial Position  
-1.16 0.21 -5.49 0.00 [-1.57 -0.74] 
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Table 4. Group by Stress. 
 
Reaction Time Contrast SE z P>|z| [95% CI] 
English target Stressed - 
English unstressed  
0.11 0.21 0.55 0.58 [-0.29 0.51] 
Hindi US  unstressed - 
English unstressed  
1.52 1.16 1.31 0.19 [-0.76 3.79] 
Hindi US  target Stressed - 
English unstressed  
1.29 1.16 1.11 0.27 [-0.99 3.56] 
Hindi Ind  unstressed - 
English unstressed  
2.06 1.16 1.78 0.08 [-0.21 4.34] 
Hindi Ind  target Stressed - 
English unstressed  
2.16 1.16 1.86 0.06 [-0.12 4.43] 
Hindi US  unstressed - 
English target Stressed  
1.41 1.16 1.21 0.23 [-0.87 3.68] 
Hindi US  target Stressed - 
English target Stressed  
1.18 1.16 1.01 0.31 [-1.10 3.45] 
Hindi Ind  unstressed - 
English target Stressed  
1.95 1.16 1.68 0.09 [-0.32 4.23] 
Hindi Ind  target Stressed - 
English target Stressed  
2.04 1.16 1.76 0.08 [-0.23 4.32] 
Hindi US  target Stressed - 
Hindi US  unstressed  
-0.23 0.21 -1.09 0.28 [-0.65 0.18] 
Hindi Ind  unstressed - Hindi 
US unstressed  
0.55 1.16 0.47 0.64 [-1.73 2.82] 
Hindi Ind  target Stressed - 
Hindi US  unstressed  
0.64 1.16 0.55 0.58 [-1.64 2.91] 
Hindi Ind  unstressed - Hindi 
US  target Stressed  
0.78 1.16 0.67 0.50 [-1.50 3.05] 
Hindi Ind  target Stressed - 
Hindi US target Stressed  
0.87 1.16 0.75 0.46 [-1.41 3.14] 
Hindi Ind  target Stressed - 
Hindi Ind  unstressed  
0.09 0.21 0.43 0.66 [-0.32 0.50] 
 
 
Table 5. Position by Stress. 
 
Reaction Time Contrast SE z P>|z| [95% CI]  
Initial position × Stressed- 
Initial position × Unstressed  
1.23 0.17 7.12 0.00 [0.89 1.57] 
Medial position × Stressed- 
Medial position × Unstressed   
-1.25 0.16 -7.44 0.00 [-1.58 -0.92] 
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Table A30. Summary of the mixed-effects logistic regression for the rating scale results for the 
Hindi nonsense words (fixed-effects) Model 1. Coefficient reflect the performance relative to /v/ 
in initial position in written modality for the Hindi US group. 
 
Variable Coefficient     SE     z P>|z| [95% CI] 
Group (Hindi Ind) 0.16 0.23 0.73 0.47 -0.28 0.61 
Consonant (w) -1.50 0.09 -16.42 0.00 -1.68 -1.32 
Modality (Auditory) -0.19 0.07 -2.56 0.01 -0.34 -0.04 
Position (Medial) -0.47 0.07 -6.68 0.00 -0.61 -0.33 
Group (Hindi Ind) by 
Consonant (w) -0.61 0.08 -7.42 0.00 -0.77 -0.45 
Group (Hindi Ind) by 
Modality (auditory) -0.08 0.09 -0.89 0.37 -0.25 0.09 
Group (Hindi Ind) by 
Position (Medial) 0.02 0.08 0.30 0.76 -0.13 0.18 
Consonant (w) by 
Modality (Auditory) 0.51 0.09 5.93 0.00 0.34 0.68 
Consonant (w) by 
Position (Medial) 0.54 0.08 6.71 0.00 0.38 0.70 
Consonant 1.10 0.19 5.89 0.00 0.74 1.47 
 
 
Table A31. Post Hoc Analysis 
 
Table 1. Group by Consonant. 
 
Variable Contrast SE z   P>|z| [95%  CI] 
Group by 
Consonant       
Hindi US W- 
Hindi US V -0.97 0.06 -16.60 0.00 [-1.08 -0.86] 
Hindi Ind V- 
Hindi US V 0.14 0.21 0.65 0.52 [-0.28 0.56] 
Hindi Ind W- 
Hindi US V  -1.44 0.22 -6.69 0.00 [-1.86 -1.02] 
Hindi Ind V- 
Hindi US W  1.11 0.21 5.16 0.00 [0.69 1.53] 
Hindi Ind W- 
Hindi US W  -0.47 0.21 -2.18 0.03 [-0.89 -0.05] 
Hindi Ind W- 
Hindi Ind V  -1.58 0.06 -25.81 0.00 [-1.70 -1.46] 
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Table A32. Summary of the mixed-effects logistic regression for the rating scale results for the 
Hindi nonsense words (fixed-effects) Model 2. Coefficient reflect the performance relative to /v/ 
in initial position in written modality for the Hindi US group. 
 
Accuracy Coefficient SE z P>|z| [95%  CI] 
Group (Hindi Ind) 0.32 0.23 1.39 0.17 -0.13 0.78 
Consonant (w) -1.35 0.11 -12.81 0.00 -1.56 -1.15 
Modality (Auditory) -0.08 0.09 -0.92 0.36 -0.25 0.09 
Position (Medial) -0.47 0.07 -6.68 0.00 -0.61 -0.33 
Group (Hindi Ind) by 
Consonant (w) -0.91 0.14 -6.39 0.00 -1.19 -0.63 
Group (Hindi Ind) by 
Modality (Auditory) -0.31 0.12 -2.50 0.01 -0.56 -0.07 
Group (Hindi Ind) by 
Position (Medial) 0.02 0.08 0.31 0.76 -0.13 0.18 
Consonant (w) by 
Modality (Aud) 0.30 0.12 2.49 0.01 0.06 0.53 
Consonant (w) by 
Position (Medial) 0.54 0.08 6.70 0.00 0.38 0.70 
Consonant (w) by 
Modality (Aud) by 
Group (Hindi Ind) 0.45 0.17 2.62 0.01 0.12 0.79 
_cons 1.03 0.19 5.44 0.00 0.66 1.40 
 
 
Table A33. Post Hoc Analysis 
 
Table 1. Consonant by modality by group. 
 
Variable Contrast SE z P>|z| [95% CI] 
Consonant by Modality by 
Group       
V aud Hindi US –  
V written Hindi US  -0.07 0.08 -0.92 0.35 [-0.24 0.08] 
V aud Hindi Ind –  
V written Hindi Ind  -0.39 0.09 -4.33 0.00 [-0.56 -0.21] 
W aud Hindi US- 
W written Hindi US  0.21 0.08 2.63 0.01 [0.05 0.37] 
W aud Hindi Ind- 
W written Hindi Ind  0.35 0.08 4.09 0.00 [0.01 0.53] 
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